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PREFACE

Aind tunnel calibration of the Air Force Flight Test Center (AFFix.
noseboom instrumentation unit (NBIU) was undertaken as part of a joint
USAF/NASA research program called the Transonic Aircraft Technology (TACT)
program. The NBIU calibration was planned and supported by numerous
individuals from NASA/Dryden Flight Research Center (NASA/DFRC) and NASA/
Ames Research Center (NASA/ARC) as well as AFFTC. The test was conducted
by personnel from NASA/ARC who obtained the data and apolied normal wind
tunnel corrections. Since the purpose of the calibration was TACT project
supnort, no formal report was written, and data was transferred informally
to oroject personnel from AFFTC and NASA/DFRC. Tae data was transmitted
as "preliminary and subject to further cnecks" only because no formal
coordination and checking was done and not because of any doubts about
the data. The data was, in fact, very complete and highly coherent.
Credit for the outstanding quality and coherence of the test data rests
with Mr. James C. Daugherty and Lt Col (then Captain) Lowell Keel, USAF,
of NASA/ARC who planned, ran, and aoplied corrections for the 11- by 11-
foot and 9- by 7-foot wind tunnels resnectively. Mr. Daugherty and Lt Co
Keel were consulted numerous times during data analysis and intrepreta-
tion and their insight and guidance made the oresent analysis pos3ible.
The final fairings and interpretation, however, were generated solely by
the authors and any errors or misinterpretation are their responsibility .

The analysis of the NASA/ARC data presented in tnis memorandum was
undertaken to define a calibration of the AFFTC NBIU generally anplicable
for data reduction and analysis programs. The analysis was highly de-
pendent on the consultation of Neil . Ilatheny and Glenn I. Sakamoto of
NASA/DFRC. Without the consultation and notes of Neil Matheny determi-
nation of ore- and post-test calibration procedures would have been impos-
sible. Glenn Sakamoto's consultation, memos, and especially his previous
analysis of the data contained in the referenced Technical Note were
invaluable.
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NOTE: Symbols in parenthesis are computer symbols

ITEM DESCRIPTION UNITS
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Z(L) characteristic length of body ft

M Mach number N-D
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R e/Z(RE/L) unit Reynolds number /foot

a anqle of attack deg

angle of sideslip deg

£ compressibility parameter, S£ =- 2  N-D
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following
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INTRODUCTION

The Air Force Flioht Test Center (AFFTC) noseboom instrumentaL...
unit (IU) is a orecision instrumentation nackaqe designed for quantita-
tive Oerfornance flicht testing. The ;}BIU consists of a pitot-static
nrobe for sensina total and static yressure and a flow-anale/flight path
accelerometer unit capable o sensing angle of attack, angle of jideslin,
and an orthogonal set of accelerations in the vertical plane of the air-
craft. There is an adapter between the pitot-static probe and the flow-
angle sensor, and a transition section to connect the unit to a noseboom.
Chanoes required to accomodate the tio accelerometers within the flow-angle
sensor housing cause tic NDIU to differ significantly from NACA and other
commonly used pitot-static/flow-anale sensina elements in size and shape.
The external confic-uration of the NBIU, which is the result of nu,,erous
decisions and compromises made during the oriqinal development, *las unique
aerodynamic characteristics which have been defined by various wind tunnel
tests. This renort briefly summarizes the various configuration chancges
which took place durina development and describes jiow the present confiq-
urations evolved. The backqround section traces the AFFTC NBIU develop-

ment from its inception to the nresent configuration and describes the
numerous wind tunnel tests which were used to evaluate the cnanaes and to
obtain calibrations.

The nresent calibration resulted from annlication of the AFFTC NBIU
to a joint T'1SAF/N'SA research rro'ram known as the Transonic Aircraft Tech-
nology (TACT) Program. Particinants in this proqrara included NASA/Dryden
Flia'ht Research Center ('!ASA/DFRC) , N 7SA/Ames Research Center (NASA/ARC)
as well as AFFTC. As a part of this program, personnel from the three
organizatiens conducted a wind tunnel calibration of a slightly modified
AFFTC 'i3P. The :i1IU was tested at USA/ARC to obtain as accurate and
comolete as possible calibration of the uitot-static probe and the
flow-Anqle sensor. Although both the pitot-static and flow-angle sensor
calibrations were obtained successfully, only the flow-angle sensor data
and analysis are documented in this report.

Data from the NPSA/ARC test wasquality controlled, corrected
for flow angularity, and transmitted in a preliminary form to ArFTC
and N TSA/DFRC for analysis. Data were analyzed to determine the relation-
shin between indicated and true angle of attack and angle of sideslip.
Prior to developina the NBIU calibration, the data were checked to ensure
that the elfects of wind tunnel flow angularity had been properly removed.
The results of these checks and subsecuent adjustments are presented to
demonstrate the coherence of the data. Schlerin ohotograohs were inves-
tigated to establish data ranges where reflected shocks might cause prob-
lems with data analysis. Correlation of these investiations with unex-
pected. data results are noted as a means o' explaining the results. The
O ata w hich nassed nreliminary checks was used to develop a calibration
of the "MpIU as a flow-anole sensor. An acceotable calibration was
obtained from *1ach number of 0.4 to 2.5 across most of the usable an-
gle-of-attack and angle-of-sideslin range. Revnold's number effects were
investirtated but none were found. Tho calibration which resulted from
this analysis is nresented as are measures of its accuracy and consistency.
The calibration is conared with the angle-of-attack data in Appendix A
and with the angle-of-siceslir data in Aunendix D.



The calibration identifies significant 1"fferences between the
indicated flow angles and the true ones. The differences in tne angles
arise from local flow around the NBIU itself and unwash of tae noseboom
used durinq the wind tunnel test. The primary source is local flow
effects around the NBIU itself which include those due to interference,
local separation, shock interaction with the flow field, and upwash/
downwash of the NPIU itself. Since these effects vary with things such
as screw protrusion, vane-to-vane alicnment, vane roughness, manufacturing
tolerances of components, and slight variations in NBIU configuration, they
chance little with various applications of the NBIU. Another error source
present in the wind tunnel calibration is the upwash of tae noseboom.
Since this e-fect varies with each anplication, a method was develoned to
adjust the calibration to almost any other noseboom conficuration. The
method of anplyina the adjustment to the calibration is discussed in the
renort.

The calibration obtained fror the JVSA/ARC trsts was programmed into
a standard software nackage avolicable to any project using thie AFFTC NBIU.
A programmer's guide and complete Program listin( is included in Appendix
C. The calibration was obtainec1 from data transmitted directly from
XaS ,/M C to AFFTC and NASA/DFRC. Because no other renort containing this
data was nublished, the entire data transmittal, with the exception of
nitot-static narameters, is ircluded in Volume II. This report and its
annendices should give any user the ability to substantiate the calibration
and apply it tc most future projects.

iS



BACKGROUND
IXarlv investicqations into the capabilities of fliahtnath-oriente' 1 c-

celeroneter systewps indicated the potential to sianifi cantly increase
the ease and accuracy of obtainina Dcrfornance data. To exploit this
potential, the Air Force rliaht Test Center (A\FFTC) began in 1967 to
procure hardware to demonstrate the advantages. The developed hardware
was to become a standard piece of fliqht test instrurentation if the
exnected advantages were realized. The Develonrient T3ranch with engineerinyj
sunnort of the Performance and Flying~ Qualities i~ranch developed a speci-
fication for an instrumentation unit to be mounted. on a standard flighj~t-teSt
noseboom. The pronosed havrdwaire woulC. incorporate a pitot-static jieae,
angrle-of- ttack and anale-of-sideslin sensors, as well as an orthogonal
accelerometer set. In 196 CONRAC Cornoration was awarded a contract to
design and fabricate a prototyne of the integrated riosebooL instrumentation
unit ("BIU) .

The design effort resulted in a sirple confic~uration rounting tihe
lonaitudinal and normal accelerometers on a sinqle shaft v'ith the angle-of
attack vanes attached symmetrically or. both sides of the shaft. '.' ithin
limits dictated 1)v the ienortii of th-e accelerometers and tne diameter of
the ':iBIjT housing, th-e ancle-of-attack vanes were free to rotate and aligin
with the flow: -ast thie noseboom. The indicated anole of attack of thle
noseboom wpas dletermined 1)1, reasuring the ancile thiat thie vane 6eflect d
from, the centerline. At thle sare time, the lon'-itudinal accelerometer
was alianed with thie flow and the normal accelerometer maintained
pernendicular tr the flow. :Iountincr the accelerometers in this rianner
resulted in the section housinn thie arnale-of-attack vanes and tlie accel-
e rometers being considerably 1'rqer in diameter than -previous noseboom
units. To adant the flow sensor section to a standard ritot-static head,
a conical adapter section was use(:. Aditionally, this original design
mrounted the angle-of-sideslip-sensor vane almost directly below th-e
anale-of-aittack vanes witha thie analc-of-sideslin vane 3 inches aft of
the anacl-of-attack vanes.

7he confiquration o' the ancle-of-attack shaft wita the two acceler-
omieters mounted on it resulted in a greatly increase 1 moment of inertia of
the ancrle-of-pttack shaft. The low, asnect ratio, flat plate vanes mounted
on lonc cylindrical p.-osts combined. with the 'iia-h shiaft inertia lacked the
aerodynamc/inertia characteristics to provide fast resoonse and gooc damnp-
inca. Thus, as a part of the design effort, a new vane desigin was incorpo-
rated for the angle-of-attack vanes and! also used on the anale-of-sideslin
vane for commonality. These vanes hod a constant-cnord planform withi a
45 derqree sween anole, a hich asoect ratio and a wedge cross section. In
1970, the new UDUhardware was delivered to APFTC for accentance and
0evelonnent testing.

f9!'7



Part of the develoinental testinc, was a calibration of the errors in
indicated angle of attack and anale or sideslip to local flow around
the -mBI. In July 1970, these tests becan in the PWT-4T tunnel at the
A1rnold Thovinperin( Development Center (AEDC). The tests wcre unsuccessful
because of excessive vane oscillations caused by vane dynamic instabilities.
Viscous damrpers were ad ded to the flow angularity sensing syster and a
successful calibration was obtaineO. The results of thaese tests are cont-
pletellv documented, in Reference 1. Althotioh the local flow errors were
successfully obtained from the tests, the viscous da:.aners increased the
resnonse time to an intolerable level. The problem was brought to the
attention of personnel from the Von Karman Gas Dynamics Facility (%-KF) at
the AEDC. Subsequently, an a-reer'ent w.is reached between AEDC and ArFTC
that VKF w-.ould investir-ate the probler, and attent to solve it by changjing
the vane aerodynaric shame(.

A thorouqh i nvestio~ation by~ V:rP indicated that it was possible to in-
crease the stability of" the vane syster, while obtaininc, accentable resoonse
characteristics by redesirin or the vanes. Two tynes of vanes were consid-
ereO nossible candidates: the first tvme was str-ilar to tale oriolinal de-
sic n with g;reater sw.eerm and lower asnect ratio and. the second type was
flat nlate, delta '-lanforms with cutoff tin-s. Two configurations of tile
first t~re and three confiourations of the second7 were selected, manufac-
tured, and mass b alancee by V~E. A thiorough dc-scrintion and dliscussion of
s election criteria are contained in R eference 2. The final selection of
aconfi-uration was to b-~ made based o dynarnic stability tests run in

-unnel A1 at ZCDC. The results or theqe tests, as documented in Reference
2, indicated thiat the delta nlanfor-n vanes h,10 sunrerior darping character-
i stics. The one t ae lowest timep-to-hialf-amplitude and7 simplest sun-
Iprrt rvstcr' was se~lected for furtaer tostina andi nas Lbeen used on all 3u!n-

;eaentrFTC MIU'.T'ie natural frecfuencv arnd dlarjin-, obtainea from
thiese tosts are civen i- Fig-ure 1.

Once th'e vane d'-sicn solection hadC- bo(en madle, a complAete local flow.
canlib ration w--s :rade fro, 'ach niimbers fror, 0.2 to 3.0 over a range of an-
oles or attack, ancyles of sideslin, RZe 'no!ds numbers, an(: orientations.
The results or these te sts are crociioentecl in Reference 2'. Thei tcsts indi-
cate accentable local flow e-rror3 in an-.lc of: attack over m~uch of tae
.ach rar, nut unaccenta~ hi-h errcr.5 i. thie transonic rance es ecial-

lv at 'lach numbr'ers or 1.1 te 1.3). Mrrors ir anc-le of- -ideqlin were accent-
abeover -'ost or t'ie ra-nce. '_-' i rob.ler was attributed to saock/f low in-

teraction ca-used tv thec close nroxi-it,, of then sid'eslin- vane to tile an(;le-
o!-nttockq vpnes nC. a'-gcravateW ! " th e asvmretry caused b-', a sinqle angle0-
of-sicdeslin vane. It waps docieod that nore accentab~le errors could; be ob-
tained- if the anole-of-sideslir va-ne wis move(. ar~t. CONR7AC was tasked *w.iti
rovina- the annln-of-s j(7eslir vane art. Snacers were desi(Ined and fabri-
catec( to rmove 'it 6.28 nn 12.28 inc1e-s art. TZhe snacer for 6.28 inclics
;.as tested first and6 found to bo accentalble. Afte-r selection ,.as mrade,
a cor-r.letc local rl!,calibration was maeon thec new -ADIU confiquration

frthe M!ach rance fror 0).2 to 1.3. The results of this test are civen in
7ofecrence 3.

'7- MTI ofirauration which resulted froml this test was determined:
tt o reet ?FFTC rrecuireme-(nts and thie desiun was finalized. one of the tlroto-
tvn "'.t" wa s modifried to thie new confio-uration. bubsequent orde'rs3 for
3 MPI )vb AFFTC wer:aseO on this deosia-n as were numerous other boors
nurciia7,cd variouq aircraft contractors. T he 'IBIE"'; of tnis dIesiqjn 4ere
uqee to -3unnort miany -ror-,rams from 1971 to 19(3 includinay thie r\l -15,
'l, and 7'-5.



AFFTC NBIU MODEL 2438-1 CALIBRATION
ACOC TUNNEL A - TEST VR0078 - 7 JUNE 1971
REFERENCE AEDC-TR-72-45 AND FTC-TI N-73-4

EGUIVALENT NACH TOTAL (TOTAL NATURAL DAMPINGB TIME
AIRSPEED NMBER PRESSURE TEMPERATURE FREGUENCT RATIO TO HALF
(KNOTS) (PSI") 10ES R)I N(EET!) AMPLITUDE

(SECONDS)

146. 0.31 6.1 560. 7.6 0.045 0.314
196. 0.51 6.0 560. 10.5 0.041 0.256
226. 0.71 4.8 560. 12.1 0.034 0.268
517. 3.00 36.6 560. 27.2 0.013 0.312
526. 1.50 15.3 560. 35.0 0.015 0.210
556. 2.50 28.7 560. 32.0 0.016 0.216

A)TABULATED DATA

11 60- 0.06

I L0.0 ~ ~' K 0.05

0.0

0.0 20. 40 0. 60 00

- -- ~3r-~'



The calibrations from the AJDC tests were reviewed and some Qnalysis
was done, but the results failed to become accented for standard use in
nerformance fliaht tests for several reasons. Probably the biggest reason
was the limited documentation available for users. No AFFTC report was
written and the AEDC reports presentina trends and basic analysis received
limited distribution. The tabular, raw data received an even more
restricted distribution. Lack of documentation and raw data nrohibited
resolution of apparent inconsistencies in the wind tunnel data. 1!any of
the annarent inconsistencies arose from absence of corrections which the
user must rake durinc anDlication of the data. Inconsistencies, coupled
with lack of data to determine necessary corrections, severely lowered
user confidence in the calibration. Another reason was tile limited data
available beyond a Mach number of 1.3. Tests on the final configuration
were conducted only to a Mach number of 1.3, and the calibration relied
on previous tests of other, slichtly different, configurations to cover
the Mach number range from 1.3 to 3.0. This further lowered user
confidence and discouraged develonment of standard software implementing
the calibration. As a result, the calibration had little or no use on
operational flight test nrograms.

AFFTC and NASA/DFRC beaan preliminary planning in 1971 for the super-
critical winq research Droqram TACT. The accomplishment of a wind-tunnel-
to-flight-test correlation recuired very accurate determination of angle
of attack. To obtain a complete calibration of local flow corrections
adecuate to accomplish the program, it was decided to calibrate the AFFTC
NBIU to be used and the TACT noseboom in a wind tunnel. NASA/ARC agreed
to a very comprehensive series of tests planned by the three involved
agencies. Prior to the tests, NNSA/DFRC changed the nitot-static probe
frorn a T7osemount M1oCel 852V usecl on previous AFFTC NBIU's to a Rosemount
"todel 852G. This chanoe was done to allow use of a probe more completely
documented by NASA/DFRC. The chance of pitot-static probe required a
sliaht redesian of the transition adapter section between the probe and
the flow analc/fliqht path acceleration sensor. The redesign nvolved
changing from a uniform 60 slope to a 60 slope changing to a 9 slope
and slightly lengthening the transition adapter. A comparison of the
CONRAZ and TACT adapter/pitot-static probes is shown in Figure 2. Tae
redesigned adapter was manufactured bv NASA/DFRC and installed on tne
"47IU. Additionally, they manufactured an "iron pine" model of the TACT
noseboom and shinned the unit to NASA/ARC. NJASA/ARC performed test
number 11/97-731 which consumed 140 hours of wind tunnel occupancy between
25 February and 12 March 1973. The data was transritted to NASA/DFRC
and AFFTC for determination of pitot-static and flow-angle calibrations.

The flow anole calibration data was initially analyzed by NASA/DFRC
and documented in Reference 4. The report documented many details of
the NASA/ARC tests and compared the AFFTC NDIU with previous NACA probes.
The report presented an excellent qualitative analysis of local flow ef-
fects on the U1DIU and clearly showed trends in the data. An AFFTC
analysis was undertaken to exnand the analysis presented in the NASA
report, document the data taken, and develop standard software applicable
to all TFFTC NDIU's used on flight test programs. The use of this
software and adjustment based on an inflight calibration significantly
improves accuracy over a total inflight calibration. The nroduction
software should be used on all fliqht test programs utilizing AFFTC
N BIU's (Pecommendation 1).
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TEST APPARATUS
The NBIU calibration conducteO at NASA/ARC ws done on a carefully

selected and completelv documented set of hardware. The ]BIU suoplied
by AFFTC was one of the three prototype NPIT's built by CONRAC. It had
been modified to the "oroduction" status in terms of vane configuration
and location. As describe in the orevious section, the pitot-static
probe and pitot-static adanter had been changed to a later configuration.
The noseboo su",ilied by NASA/DFRC was an "iron pine" model of the TACT
noseboom. Originally, it was formed from several indenendently machined
soments and bolted together. During installation and check loading in
the wind tunnel, it was noted that the boom had excessive deflection in [
several joints due to rechanical slop. To correct this, some of the
joints were welded prior to any testina. The test hardware was completed
by a sting mountino adanter suonlied by NASA/ARC. The tunnel sting
mountina system available in both NASA/ARC tunnels had combined movement
in angle of attack and anole of sides li of about 30 degrees and was
symmetric bout the tunnei centerline. NASA/ARC supplied an adapter to
offset the nlus or minus 15 degrees in anqle of attack normally
available by about 12.5 decrees. This allowed testing from -3 to +27
degrees in angle of attack as desired. Detailed descriptions of the
tunnel stina rountinc system and adanter were omitted because it was deter-
mined they had little or no ifluence on the flow around the NBIU.

-2768 10.83 10.00' {~REF) 9t

2.87* 7__62

(RF)3. 25 DIR 7.6 1 9

3.05 DIR. 9.15

ANGLE-OF-ATTACK VANES

ROSEMOUNT ADAPTER FLON-ANGLE/ RANSITION
MODEL 852G FLIGHT PATH SECTION

PITOT-STATIC ACCELERATION
PROBE SENSOR

2 ___ ___ __ __I II

K9.25  i AN DE-OF-SIESLIP VANE

FIGURE 3: NOSEBOOM INSTRUMENTATION UNIT
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The NBIU and noseboom used during the NASA/ARC test are described
in detail below. Because this test is the best documented and most
complete calibration of an AFFTC NBIU, the best accuracy and highest
confidence in the calibration occurs when the TACT variant of the N11.
is used. Although the differences in the production NBIU and TACT con-
figuration are minimal, some small effects of the change may occur.
All new AFFTC NBIUs should be built in the TACT configuration, and all
existing NBIU's should be modified when practical (Recommendation 2).

NBIU CONFIGURATION

The NBIU configuration is shown in Figure 3. The body of the
angle-sensor/flight path accelerometer is a tube 3.25 inches in diameter
which mounts two angle-of-attack sensina vanes on opposite ends of a
lateral shaft and a sinale ancle-of-sideslip sensina vane on the bottom.
The vanes whose external details are shown in Figure 4 are the "production"

_DERIVED FROM CONRAC
DRAWING NO. 1201336

0.09 4.46

7.5O0

SECTIONR-

FLAT REF
0 .8 A _ L •

0.25 0.085

0.60 -. 0

FULL R.0.926 SECTION B-BFULL 1__--U

FIGURE 4: AFFTC NBIU FLOW-ANGLE-SENSOR VANE EXTERNAL DETAILS
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vane configuration uses on all AFFTC NBIUs. Prior to testing, the vanes
were cleaned, checked for nicks and scratches, and checked as well as
possible for bending or warping. At the same time the two angle-of-attack
vanes were checked for vane-to-vane alignment. Normally these vanes are
aliqned to each other and to the sensitive axis of the longitudinal accel-
erometer to within 10 arc seconds or .003 decrees. The checks of this
unit both before and after the NASA/ARC tests showed vane-to-vane align-
ment to within only 0.05 decrees. The details of this misalignment which
resulted during field repair of the NBIU are given in Figure 5. Although
this misalignment is not within accented standards, it was decided to
leave the vanes as they were because 24 TACT flights had already been
flown and calibration data were needed. It was determined during analysis
of the calibration data that effects of the misalignment were clearly
evident. It was felt, however, that the effect was confined to a small
bias in the calibration which was easily removed. Thus, the misalignment
did not materially arfect the calibration or reduce confidence in the
results.

. .r..-,-LEFT VANE

NOSE OF BOOM -AVERAOE

-RIGHT VANE

ACCELEROMETER SENSITIVE AXIS

PRE-TEST* POST-TEST+
MISALIGNMENT MISALIGNMENT

CHECK CHECK

QD MISALIGNMENT BETWEEN LEFT AND 0.0527 BEG 0.0508 DEG
RIGHT ANGLE-OF-ATTACK VANES

QD MISALIGNMENT BETWEEN EACH VANE 0.0263 DEG 0.0254 DEG
AND AVERAGE VANE PLANE

S(CMISALIGNMENT BETWEEN AVERAGE
VANE PLANE AND LONGITUDINAL 0.0426 DEG 0.0462 DEG
ACCELEROMETER SENSITIVE AXIS

*PRE-TEST CHECK PERFORMED AT AFFTC LABORATORY AND NASA/DFRC

+POST-TEST CHECK PERFORMED AT NASA/DFRC

FIGURE 5: ANGLE-OF-ATTACK VANE MISALIGNMENT
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The angle-of-attack vane shaft and angle-of-sideslip vane shaft ride
internally on precision, low friction ball bearings which allow them to
rotate freely and align with the local flow around the NBIU. The ro. ion
of both shafts relative to the body of the NBIU are sensed with a syncn~o
arrangement. The orthogonal set of accelerometers - one parallel to the
angle-of-attack vanes and the other perpendicular - are a large assembly
which limit the travel of the angle-of-attack vanes by contacting the
bottom of the case or the pitot-static lines routed along the top of the
section. The angle-of-attack vanes for this particular system were phys-
ically constrained to deflection fron -3 degrees (vane trailing edge down,
TED) to +28 degrees (vane trailing edge up, TE) relative to the boom
centerline. The negative limit was constrained slightly from its normal
limit of annroxinately -5 degrees because the pitot-static lines were
sliahtly shifted from their normal position. The anele of attack/acceler-
ometer system represented a large mass which could affect sensed angle of
attack if not mass balanced. During preliminary checks, the mass balance
was checked and found to be within acceotable limits. The angle-of-sideslipm
vane was physically constrained to travel from -15 degrees (vane trailing
edge right, TER) to +15 degrees (vane trailing edge left, TLL). The
angle-of-sideslin vane is mass balanced at the factory and is not adjust-
able thereafter; a considerable out-of-balance condition was noted on
the test NBIU.

The body is generally completed by a transition section to attdch
the NBI to the noseboom. This section has access doors which allow
the aircraft pitot-static lines to be disconnected from the NBIU so the
NDIU can be removed from the noseboom. Although tae transition section
is required on the nroduction NBIU's, it was not used on the TACT
aircraft. Design of the prototyne NIU's, such as used on TACT,
included access doors on the flow-ancle-sensor housing. For develoDment
of a calibration applicable to all NBIU's, how.ever, the transition
section must be included. Therefore, the first 7.62 inches of the TACT
noseboom were considered to be part of the NI3IU for purposes of this
calibration. Since the forward section of the ncseboom had a 3.25 inch
diameter, which is the same as the normal transition section, this gave
exactly the same external configuration as a production NBIU and a
foreshortened noseboom would have. This is strictly a "bookkeeping"
exercise which can be ignored for purposes of working with the NASA/ARC
data. It is very important, however, in determining noseboom lengths
for making noseboom configuration corrections as discussed later.

NBIU PITOT-STATIC PROBE AND ADAPTER

The "TBIU was eauinped with a Rosemount 852G, uncompensated Ditot-
static probe. As shown in Figure 6, the probe has one total-pressure
and two indenendent static-pressure sources. The probe is manufactured
as a single piece with its forward 1E.935 inches exposed and an additional
2.375 inch long,1.312 inch diameter section designed to slide within the
pitot-static adapter. The matina section had two grouns of 3 equally
spaced, self-locking nutnlates. The adapter shown in Figure 7 has iden-
tical patterns of countersunk holes which matched the Ditot-static probe.
The adapter had a similar smaller section which slid within the NBIU body.
.-hen the unit was assembled, a considerable amount of roughness resulted
from the holes and protruding screw heads at both junctions. Consider-
ation was given to filling the voids with putty to reduce the surface
roughness, but in general this is an imoratical practice and the holes
were left unfilled. It was felt that this would be more representative
of typical NBIUs.
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WIND TUNNEL NOSEBOOM

The noseboom/NBIU installation for the wind tunnel is shown in Fig-
ure 8. This installation is the confiauration on which the data analyzed
in the following section was obtained. It is important to remember that
this is A unique configuration and the calibration is applicable only to
:NBIU's mounted on this noseboom confiquration. If a noseboom configuration
other than that shown in Figure 8 is used, a correction must be made to the
calibration to account for the differences as discussed in tne Results
aection of this memorandum.

AFFTC NBIU MIND TUNNEL NOSEBOOfl NASA/ARC
ADAPTER

3.25 01A. 4.50 OIA.

58.70

FIGURE 8: MIND TUNNEL NOSEBOOM CONFIGURATION
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TEST EVALUATION
A thorough evaluation of the test conducted in the i2ASAL/ARC wind

tunnels was accomplished prior to data analysis. In conjunction wit.;
personnel from N1ASA/ARC and 7. ASA/DFRC, the characteristics of the test
facilities, test procedures, prelir:inary data corrections, and data
characteristics were established. This was necessary to precisely define
what corrections had been Made and what further corrections were rcquired
durinq analysis of the prelimrinary data. Studies of facility character-
istics established inherent liritations and resulted in an estimation of
expected accuracies based on :ASA/ARC experience with tile test tunnels.
Knowledge of the test facilities also aided in explaining inconsistent
results which were noted in the transonic region. Studies of procedures
used in preparing for and conducting the test established that with one
small exceotion procedures were more than adequate. 3tudy of the data
transmitted to AFFTC and subsequently to NAOA/DFRC establisheL. tnat all
planned corrections had been made correctly. The evaluation proveu
that extreme care had been taken in preparing for and conducting the
tests and correcting the data, and provided a high level of confidence
in the results of the subsequent analysis.

TEST FACILITY

The "IL3U tests were conducted in the Unitary Plan .;ind Tunnel
facility at NASA/ARC as described in References 5 and 6. Tests were con-
ducted in both the 11- by 11-foot transonic wind tuniiu. ano tae 9- x 7-
foot supersonic wind tunnel. Poth tunnels were canabie of operation
over a range of precisely-controlled Mach numbers while stagnation
pressure could be varied independently to facilitate studies at
different 7eynold's numbers and dynamic pressures. botn tunnels had
model support hardware capable of precision-controlled movement in two
orthogonal directions and roll about the noseboom centerline. C1ecrietric
orientation and Dosition of the ',BIU relative to tae tunnel centerline
was controlled and recorded on an automated data system. Concurrently,
the indicated values of angle of attack, angle of sideslip, and pitot-
static parameters from the ,BIU were recorded. schlieren photographs
were made for flow visualization and analysis at most test conditions.
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11- X 11-FOOT WIND TUNNEL:

The 11- by 11-foot wind tunn( I is a closed-return, variable density
tunnel with a fixed geometry, ventilated test section, and a nozzle com-
nrised of flexible sidewalls, each actuated by a single jack. Airflow is
nroduced by a three-stage, axial-flow compressor powered by four tandem,
wound-rotor, variable-sneed induction motors canable of generating a total
of 180,0JO horsenower continuously. The *.ach number capability of this
tunnel is 0.4 to 1.4. Variable density is achieved by varying stagna-
tion nressure from 0.3 to 2.25 atmospheres.

The flexible siCewall nozzle of the 11- by 11-foot tunnel produces
very uniform flow through the test section with very low flow anqularity.
"-uerous calibrations over an extended period of time have shown typical
values of flow anqularitv in the anle-of-attack direction to be less than
3.15 dearees and in the anole-of-sideslin direction to be less than 0.1
decrees. 7he model support system Ihas movement of amproxivately 30 degrees
in the normal Ditch direction (winos level) and anproximately 30 degrees
in the normal yaw direction. For the J}1IU calibration, UASA/ARC supplied
an acibmter to bias the .-itch mover-ent b%, about 12.5 deoTrees and allow
tcstinc fror' -3 to 27 decirees.

9- X 7-FOOT WIND TUNNEL:

The 9- by 7-foot w.ind tunnel is a closed-return, variable density
tunne1 er-uinr ec' .'ith an asvrmetric, slidinc-block nozzle and a flexible
unner :late. Variation of the test section Mach nur dber is achieved by
translatina, in a streamwise direction, a fixed contour block that
forms the floor of the nozzle and test section. The electrical drive
svsterl is common to both the 11-foot tunnel and the 9- ),, 7-foot tunnel.
"he M.ach number rance of this tunnel is 1.5 to 2.5. Variable density
is achieved by varinc staonation pressure from 0.3 to 2.0 atmosnheres.

The asvmetric, slidino block nozzle of the 9- by 7-foot tunnel
produces nonuniform flow through the test section with extremely large and
variable flow arTqularitY in the vertical plane. The large variation in
the vertical plane, w.hich can be as much as three to four degrees between
floor and ceilin-, we's anticinateC, durino tunnel desian and the model
sun-ort system ,as desicned with its normal Ditch direction in the
horizontal nlane. The model sun..ort system also maintains the model
center of rotation on the 1.-iteral centerline of the tunnel so that
chance in anqular orientation o- the model in the normal angle-of-attack
direction doesn't result in movement of the model from the tunnel
centerline. For the 1PIUI' test, the center of rotation was located at
the centerline of the anle-of-attack vanes. Because trie test article
doesn't move ,ithin the test section, flow anularity in the angle-of-
attack direction t,,ricallv can be maintained below 0.05 degrees. Move-
ment in the anle-of-sideslin direction, however, encounters changes
in flow angularitv on the order of 1.0 degree and must be carefully
corrected. The model sunnort svsten' of the 9- by 7-foot tunnel has
movement of anoroxirately 30 dearees in the normal pitch direction
(wings vertical) and anoroxiriately 30 degrees in yaw. Again the travel

was biased to allow testino from -2 to 16 decrees.
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TEST DATA

Daa was obtained from the 11- by 11-foot and 9- by 7-foot tunnels
across the range of useable Mach number and ranee of the model support
system. At selected Mach numbers several Reynolds numbers were run to
insure that Reynolds number effects were not present. In both tunnels
extensive tests were run to define flow angularity corrections and obtain
the most accurate results possible. Flow angularity data was obtained
in both the normal nitch and yaw directions. A summary of the Mach num-
bers, Revnold's numbers, angles of attack, and angles of sideslio are
presented in Table 1. The run schedule for each tunnel and a summary of
the data concerning test conditions, angle of attack, and angle of side-
slip are contained in Volume II of this memorandum.

TABLE 1: TEST VARIABLES

UNIT
MACH REYNOLDS

WIND TUNNEL NUMBER NUMBER OCB  '88
(/FOOT) (DEGREES) (CEGREES)

t1- X 11-FOOT 0.40 2.0 X 106 -2 TO 22 -2 TO 12

0.60 2.6 X 106 -2 TO 22 -2 TO 12

0.80 2.1 X 1O6 -2 TO 22 -2 TO 12

0.90 2.0 X 1O6 -2 TO 22 -2 TO 12

3.3 X 106 -2 TO 10 0
5.5 X 106 -2 TO 1O 2

0.95 3.8 X 1O6 -2 TO 22 -2 TO 12

t.05 2.8 X 106 -2 TO 22 -2 TO 2

t.t0 2.9 X 106 -2 TO 22 -2 TO 12

1.20 3.1 X 106 -2 TO 22 -2 TO 2

1.3 2.4 X 106 -2 TO 22 0

3.7 X 106 -2 TO 22 -2 TO 12

1.40 4.7 X 106 -2 TO 10 0

9- X 7-FOOT 1.51 2.0 X 106 -2 TO 16 0
4.0 X 106 -2 TO 16 -2 TO 12

1.71 3.7 X 106 -2 TO 10 0
1 .91 4.3 X 106 -2 TO 16 -2 TO 12

2.11 4.2 X 106 -2 TO 16 -2 TO 12

2.31 4.1 X 106 0 TO 16 10 TO 12

2.41 3.7 X 06 , -2 TO 10 0

2.54 3.6 X 106 -2 TO 16 -2 TO 12
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11- X 11-FOOT WIND TUNNEL:

Data were obtained in the 11- by 11-foot wind tunnel from Mach number
of 0.40 to a Plach number of 1.40. At Mlach number of 0.90, three unit
Reynolds numbers were run and at Mach number of 1.30 two unit Reynolds
numbers were run. At rost Mach numbers data were obtained across the
anale-of-attack and angle-of-sideslin ranae. Primary method of obtaining
data was to accurately establish anale of attack at some value between
-2 and 22 in 2 decree increments and sweep angle of sideslip in 2 degree
increments between -2 and 12 degrees.

9- X 7-FOOT WIND TUNNEL:

Data were obtained in the 9- by 7-foot wind tunnel from Mach number
of 1.51 to 2.54. At a Mach number of 1.51, tw7o unit Reynolds numbers
were run. At most Mach numbers data were obtained across the
angle-of-attack and anale-of-sideslio range. Again the primary method
of obtaining data was to accurately establish angle of attack at some
value between -2 and 16 decrees in 2 degree increments and sweep angle
of sideslin in 2 degree increments between -2 and 12 degrees.

DATA ACCURACY

Accuracy of the calibration data was of primary importance in conduct-
ino the wind tunnel tests. Care was taken to consider any correction which
riaht have a sionificant effect on accuracy and to make thlose corrections
wlhich wyore imnortant. Procedures used in prenaring for and conducting the
tests were examined to insure they were adequate and correctly made. The
tests %ere well Oocumented in enaineer's notes and an extensive review
indicated a good job had been done in achievinc accurate results. An
aisessrent !s made of the test accuracy and it was concluded the accent-
able accuracy had been achieved.

TEST NBIU:

The test NBIU was examined to insure that it was in good condition
and that it was representative of the conficuration of the AFFTC !;B3U.
The examination included checks of the ohysical confiauration for damage
and misadjustment as well as checks of the transducers and calibrations.

"lass Balance. The arcle-of-attack/flicht-rath acceleration
assembly consistinq o the ancle-of-attack vanes anO accelerometers is
norrallv riass-balanced to avoid vane nisaliinrent due to accelerations.
A roveable mass is provided to allow adjustment of the mass balance.
Althouch the problem is not as pronounced as in flight, mass balance
problems dO affect wind tunnel Oata because of varying gravitational
comnonent as ancle of attack is varied. To preclude errors in the data
due to out-of-balance condition, the NDI -wa3 checked prior to shipment
to :;7SA/APC and found to be within limits. Siilar checks %.ere made
of the mass balance of the angle-of-sideslin vane assembly. Although
the assembly was found to be considerably out of balance, tae work and
delays required to correct the balance were not considered necessary to
obtaininq an acceptable calibration.
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Vane Condition. The anale-of-attack and angle-of-sideslip vanes
were examined and found to be in very good shade; no nicks, bending, or
warping were noted which would affect the calibration.

Vane Alignrent. Prior to use and periodically throughout flight
test programs, the alignment of the vanes is checked to assure that the
left and riqht vanes are aligned with each other and with the sensitive

* axis of the longitudinal accelerometer. Accented standard for use at
AFFTC is alignment within 10 arc seconds or .003 degrees. Checks of the
test unit, however, showed vane-to-vane alignment to within only 0.05
degrees. The details are given in Figure 5. Investigation of the mis-
alignment and its effect on the quality of the calibration was done. The
investigation revealed that all indicated ancile-of-attack values taken
by NASA/DFRC were based on readings halfway between the left and right
vane and that all corrections were done correctly and consistently as
shown by a comparison of the nre- and post-test measurements. The mis-
alignment was not, evidently, conrunicated to NASA/ARC Personnel cali-
brating the anqle-of-attack vane indicated values.

The calibration o the anoIle-of-attack vane synchro transmitter
was described in reference 4. "\ snlit-bubble clinometer accurate to 6
seconds was mounted on the boom and simultaneous readings were taken
from it and the vane snchro transritter. A bubble level accurate to 3
seconds was affixed to the anale-of-attack vane to indicate the level
vane condition." Since the tw1o vane system would responc like a vane(s)
halfway between the two vanes, a bias of annroximately 0.025 degrees
was introduced into the indicated annle-of-attack values. The sign of
t-e bias was dependent on which vane t'v- bubble level was olaced. The
effects on the calibration data are 6i'scussed in a later section.

TEST NOSEBOOM:

The noseboor uqed in te -:':S/vC t-st -:is an "iron-nine" model of
the actual TACT noseboon. Durinn finil check Ioadinc, anproximately
100 Pounds was annliod i- the nesitive lift direction with negligible
deflection in either the b-on or model su-nort svsteT'. N o loads were
apolied in a lateral direction.

MODEL SUPPORT SYSTEM:

The model suDoOrt system was instrurented to provide "geometric" true
angle of attack and true angle of sideslip. The geometric values were rel-
ative to the tunnel centerline and would be the true values if there were
no stream flow angle. These values, when corrected for flow angularity,
were used as true angle of attack and true angle of sideslip. The drive
unit was calibrated using a laser mounted on the noseboom and directed
toward a fixed target upstream of the test section. ilysteresis was detect-
ed in the drive unit and was minimized by always approaching tae angle of
attack set in the tunnel from a higher angle of attack when taking test
data.

TRUE FREESTREAM MACH NUMBER:

The freestream Mach number was obtained from standard wind tunnel cal-
ibrations run by NASA/ARC as described in reference 6.
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11- By 11-Foot Wind Tunnel. The Mach number calibration of the
11- by 11-toot wind tunnel is based on measurement of stagnation pressure
by a pitot probe located in the stilling chamber and on measurement of
static pressure along the tunnel centerline. The static pressure measure-
ments were accomplished by means of a long, two inch diameter pipe, mounted
under tensile load along the tunnel centerline, running from the stilling
chamber to the strut support system located downstream of the test section.
Orifices located at twelve inch intervals along the pipe sense the
"clear-tunnel" static pressure. (A second pipe with twelve inch orifice
spacinq, strut mounted 18 inches off the floor during subsonic calibration,
essentially verified the centerline measurements.) Calculations based on
the measured values of stagnation and static pressure provide calibration
of clear-tunnel Mach number.

9- dy 7-Foot .'ind Tunnel. The Mach number calibration of the 9-
by 7-foot Tvind tunnel is based on measurement of stagnation pressure by a
pitot Probe located in the stillinq chamber and on measurement of total
pressures every inch along the tunnel centerline. Such measurements were
made by translating a snall cone of about one-half inch diameter with a
ten degree half angle along with tunnel centerline by means of a rack-and-
ninion-drive support system. The nose of the cone was blunted to form a
small-diameter, sharp-edged, total-head orifice. Calculations based on
the measured values of stagnation pressure in the stilling cnamber and
total pressures along the tunnel centerline provided calibration of
clear-tunnel Mach number.

These c-ibrations were used to obtain the freestream Mach number
used in data analysis.

FLOW ANGULARITY CORRECTION:

The data were required to be corrected for flow angularity in the
wind tunnel test section to obtain most accurate results. The flow
angularity correction is defined as the correction to be applied to the
model support hardware readings to obtain identical true angles at the
same indicated angle from the NBIU whether it is in upright or inverted
roll orientation. Since the indicated values are not affected by orien-
tation, differences in true values at the same indicated values must be
due to errors in true angles as determined geometrically from the model
mounting system. The flow angularity corrections are adjusted until the
same true values are obtained at the same indicated value both upright
and inverted. The same reasoninq is anplicable to both angle-of-attack
and angle-of-sideslin computations. The flow angularity correction is
discussed more thoroughly in Appendix A of Volume II.

NASA/ARC routinely makes flow angularity corrections to data to in-
crease the accuracy of the results. Typically, the values for the stream-
angle correction to angle of attack were less than 0.15 degrees for the
11- by 11-foot wind tunnel and less than 0.05 degrees for the 9- by 7-foot
wind tunnel. Lateral stream angle may be significant, especially in the
9- by 7-foot wind tunnel. The nozzle of the 11- by 11-foot wind tunnel
provides relatively uniform flow which experience has shown has lateral

*flow angle of less than 0.1 degrees. The flow in the test section of the
9- by 7-foot wind tunnel, however, is established by an asymmetric, sliding-
block nozzle which results in significant flow angularities; the flow angle
correction can be on the order of 1 degree. The NBIU calibration data was
corrected for flow angularity prior to transmission to AFFTC and checks
of the corrections indicated that the data had been adequately corrected.
The details of the checks prior to use are discussed in the Data Analysis
section.
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OVERALL SYSTEM ACCURACY:

An assessment was made of the overall system accuracy so that s
quantitative estimate could be made of how good the NBIU was in sensing
angle of attack and angle of sideslip. The assessment was based on anal-
ysis of procedures, other published results, and analysis of the test data.
The conclusion was that table 2, which was obtained from reference 4,
adequately summarizes expected accuracy for Mach number, angle of attack,
and angle of sideslip. The accuracies in true angle of attack and true
angle of sideslip depend on adequate correction for flow angularity.
The flow angularity correction for angle of attack was based on data from
minus three degrees to plus three degrees at zero angle of sideslip and
the angle of sideslip correction was obtained across the obtainable range
of angle of sideslip but only at zero angle of attack. There is a
possibility that the accuracy was somewhat degraded outside these limits.
Although experience with the tunnels would indicate the degradation was
small, no effort was made to quantify the degradation in accuracy of
this data.

TABLE 2: ESTIMATED ACCURACY OF NASR/ARC TEST VARIABLES

ESTIMATED ACCURACY OF

NBIU TRUE VALUES N8IU INOICATED VALUES VANE ERROR

MIND TUNNEL MACH Coe AB OC V A AOCLF
NUMBER (DEGREES) (DEGREES) (DEGREES) (DEGREES) (DEGREES)

tt- X it-FOOT *0.005 *0.01 *0.16 *0.05 *0.05 &0.05
9- X 7-FOOT *.08.-0! *0.05 *0.05 *0.05 *0.05 *0.07

THESE VALUES BASED ON LATER DATA THAN REFERENCE 4.

'2
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DATA ANALYSIS

The data from the NASA/ARC test was extensively analyzed and used to
develop a calibration of the AFFTC NBIU. The boom true angle of attack,
OL and true angle of sideslin, ' , used in the analysis were values ob-
t ined from the model support hardware corrected for flow angularity.
The indicated or "vane" values of angle of attack, a , and angle of side-
slin, " , were obtained from the deflection of the vXnes indicated by the
anale-synsor portion o the NBIU. The indicated value of angle of attack
is normally defined as the deflection of the left vane from the horizontal
plane of the '4PIU. On this test, however, the vane-to-vane misalignment
between the left and right vane was so larae that the indicated value was
defined as the deflection of the average vane (the average of the left and
riqht vane deflection) from the horizontal plane. The indicated value of
the angle of sideslip was the deflection of the vane from the vertical
plane. The data were corrected for errors discovered during preliminary
evaluation of the data and faired. The data fairings were programmed into
a software package applicable as an "instrument calibration" for the
flow-anale-sensing portion of the ArFTC NBIU. The data were primarily
presented in terms oF a local flow correction for angle of attack, AI _a,
and for angle of sideslip, -3LF' as defined in equations (1) and (2).

.LF0 = ciB a V (1)

= -3 (2)
'LF B V

DATA CORRECTIONS

Preliminary evaluation of the NASA/ARC data indicated a very consis-
tent set of data with fe, problems. The problems which did exist, however,
were significant to the data analysis and had potential impact of the ac-
curacy of the data and the confidence which personnel would have in the
resultant calibration. The checks for flow angularity revealed no sign-
ificant roblems with the flow angularity corrections. The same checks,
however, revealed biases in the data. Lastly, a large spike in the data
was detected in the transonic region. The resolution of these problems
resulted in corrections to the data which greatly enhanced the consistency
of the data and gave reason for increased confidence in the results.

FLOW ANGULARITY:

The data were initially checked for flow angularity to insure that
the corrections had been made by N7\SA/ARC. The plots shown in figure 9
were generated from the original data as described in Appendix A of
Volume II and show the flow angularity check on angle of attack. The
plots of unriqht confiquration shown in figure 9(a), of inverted

. ! confiouration in figure 9(b), and of combined configurations in figure
9(c) indicated that the anale-of-attack data had been effectively
corrected for flow anqularity.
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FIGURE 9s FLOW-ANOULARITY CHECK OF ORIGINAL ANGLE-OF-ATTRCK DATA (CONCLUOEO)

Similar plots showing the flow angularity check on angle of sideslip
had similar results when checks of the original data were plotted. The
plots of upright configuration shown in figure 10(a), of inverted con-
figuration in figure 10(b), and of combined configuration in figure 10(c)
indicated that the angle-of-sideslip data had been effectively corrected
for flow angularity.

The flow angularity checks as described in Appendix A of Volume II
*identified several data runs which were inconsistent with the mass of
*data. Although no reason could be established for their inconsistency,
* ;they were removed from further analysis. Figures 11 and 12 following
, have these points removed.
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FIGURE 10 FLOW-ANGULARITY CHECK OF ORIGINAL ANGLE-OF-SIDESLIP DATA (CONCLUDED)

DATA UATS:

The data checks performed to detect flow angularity also disclosed bias
in both the angle-of-attack and angle-of-sideslip data. Accounting for the
bias was considered very important in establishing confidence in the cali-
bration. Analysis of post calibrations and initial analysis of the NASA/ARC
data at AFFTC had arbitrarily removed the bias. Based on the fact that the
NBIU is symmetric about a horizontal plane through the centerline except for
the angle-of-sideslip vane, the indicated angle of attack should be zero at
true angle of attack of zero at supersonic Mach numbers. Similarly, the
NBIU is totally symmetric about a vertical plane through the centerline
and should have an indicated angle of sideslio of zero when true angle of
sideslip is zero. The fact that the calibration data did not confirm these
basic assumptions cast doubt on the accuracy numbers stated.

I
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Angle-of-Attack Bias. Bias in angle of attack was noted in both
the 11- by 11-foot and 9- by 7-foot data as shown in figure 9(c). The bias
in the 11- by 11-foot was explained during evaluation of the procedur-s
used to calibrate the angle-of-attack vanes. It was determined th&. -.
the 11- by 11-foot tunnel the vane synchro transmitter was calibrated
using a bubble level placed on an angle-of-attack vane. The vanes were
misaligned as described in figure 5 and responded aerodynamically like a
single vane located at the mean of the two vanes. The combination of
calibration procedure and vane-to-vane misalignment resulted in a constant
error in indicated angle of attack equal to 0.025 degrees. Based on this
discovery, a correction of 0.025 degrees was made to all indicated angle-
of-attack data from the 11- by 11-foot tunnel prior to fairing.

Bias in the 9- by 7-foot data as shown in figure 9(c) was faired
as 0.095. This bias was never satisfactorily explained and a correction
of 0.095 was arbitrarily made to all angle-of-attack data from the
9- by 7-foot tunnel. It should be noted, however, that calibration of
the angle-of-attack vanes in the 9- by 7-foot tunnel did not use the
bubble-level method previously described. Because the angle-of-attack
vanes are mounted vertically (as opposed to horizontally for the
11- by 11-foot tunnel), the calibration was conducted using straight
edges, plumb lines, and measurements from the side walls. This procedure
is inherently more difficult and less ;ccurate and could have caused or
contributed to this very small, yet siqniticant, bias.

A bias correction was made to the angle-of-attack data from
both tunnels and the data and fairing were replotted. The resulting
data and fairing are shown in figure 11.

NOTESt
I. TRUE ANGLE OF ATTACK ANC TRUE ANGLE OF SIDESLIP = 0.0 (DEGREES).
2. FAIRING BEYOND MACH NUMBER OF 1.0 18 COINCIDENTAL WITH AXIS.
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Angle-of-Sideslip Bias. The bias in angle of sideslip was
confined to the I1- by 11-foot wind tunnel data. The bias was determined
to be about -0.285 degrees and could not be explained. Since the bias
was large relative to claimed accuracy and apparently confined to one
tunnel, it appeared to be an instrumentation or data analysis problem.
After considerable research and analysis, no documented reason for the
bias could be found and the 11- by 11-foot wind tunnel data were
arbitrarily shifted 0.285 degrees. It should be noted that, like the
angle-of-attack data for the 9- by 7-foot tunnel, the angle-of-sideslip
vane for the 11- by 11-foot tunnel was vertical and could not be
calibrated using a bubble level. The calibration method relied on
measurement from the side walls and could have caused or contributed
to the rather large bias.

The bias correction was made to the anqle-of-sideslip data
from the 11- by li-foot tunnel and the data and fairing were replotted.
The resulting data and fairing are shown in figure 12.

NOTESs
I. TRUE ANGLE OF ATTACK AND TRUE ANGLE OF SIDESLIP 0.0 (DEGREES).
2. FAIRING IS EVERYWHERE COINCIDENTAL WITH AXIS.
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ANfItf-P-ATTACK DATA SPIKE:

Figure 13 shows a large data "spike" which existed from Mach ni -r
value of 0.90 to 0.97. The data spike at zero angle of attack was app.c:.-

imately 0.10 degrees in magnitude. The spike was more pronounced at higher

angles of attack and was of a magnitude and Mach number location to be easi-
ly observed in flight if it existed. Although a considerable amount of
flight data was examined, the phenomena was never observed. It was con-
cluded that this was a wind tunnel effect probably associated with a shock
reflected from the tunnel wall. An excellent visualization of the shock
formation and movement around the NBIU is given in figure 13 of reference 4.
Except at 0 degrees angle of attack, data was not available at enough
Mach numbers to actually define the characteristics. As a result the
data were not changed but the spike was simply faired through. No similar
phenomena was noted in the angle-of-sideslip data.

NOTES O
I. TRUE ANGLE OF ATTACK AND TRUE ANGLE OF SIDESLIP : 0.0 (DEGREES).
2. FIGURE INCLUDES ALL VALID DATA, ALPHA. BETA, AND MACH SPEEPS.
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DATA FAIRING

Te :;A\ ;AiRC data was faired subsequent to being corrected to obtain
curves which woulrl define the error in sensed angle of attack and sensed
anrle oL sidesli') due to 3IIU local flow. The curves would serve as a cali-
bration of the AFTC N}BIU flow angle sensing and could be implemented in a
com-uter ilrograw for use in data reduction programs. The fairing, which
was accem-,)lished by a corbination of liand and mataematical techniques, was
cone : ithin conflictino constraints. The curves needed to be as accurate
as possible yet simple enouqh to be easily implenented. It was essential
to obtain the best possible calibration of angle of attack at zero angle of
sideslin 3ince this is the primary condition for obtaining most performance
data and the most critical atolication for the NBIU. Accuracy requirements
wore less strineent for fairinci anqle of attack at anqles of sideslip and
fnr fairino ancle of sideslio. The final fairings obtained were considered
dequ ate for all uses of the NIBIU and were easily irplemented in a standard

s'tware :nackame. There wore, however, data at high angles of attack and
at high 0laos o' si(]eslin which were icnored because it was felt the data
w;ere iflonced ey the wind tunnel and were not characteristic of the :DIU.

t ave hieh accuracy reoruirements in these areas snould examine the
-of the airincos and ancjle-of-attack ciata in ippencdix A and corn-

the fairinos antI ancle-of-sidcslir) data in Ar -endix 3 to deter-
rine I" t'ie fairinos match the test data accentably well. These users
should be prepared to expend a lot of effort to correct and examine data
ans assure the-selves the data are accurate if they choose to refair these
areas.

ANGLE-OF-ATTACK FAIRING:

The anqle-ef-attack data were systematically faired ,ased on taeoreti-
cally -redicted characteristics with the levels emirically ac justcd to
match the data. Zased on studies of theoretical earareters, :'ach effects

:ere mredicted to vary linearil, with M'ach number sr-uareu. Xie uata sub-
stantiated this almost without exception and all workins !. lrts were -One
in terms of M!ach snuared. Theoretical analysis of flow arou a cvlincrical
jody predicted that errors associated with ancle of attack s.iculd be zero
at zero angle of attack, build slowly but with increasing oeedi to a lax-
imuL. at 45 deorees angle of attack and return to zero at 9D dcgrees angle
of attack. Attempts to fair the data with several functions which met
this criteria led to use of the functional relationshin

L= f(sin 2ab, sin2 123)

which worked well except w!hlere shocks from other parts of tIe :M3IU
interfered. This annroach resulted in an iteration w.hen determining
§, ffro V but technically the best anproaca. The data were faired

annie attack at zero ancle of sidesli,); then an adjustment
%as made to the fairincis h' addinq a small increient to correct to other
anolos of sideslip.
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Fairing of the angle-of-attack data at zero anole of sideslip began
by fairing the data for angle of attack and angle of sideslip of zero. The
fairing which is shown in figure 11 along with the data has a large "ia-
tion from zero at low Mach numbers which decreases to zero at a Macn u_ 1 0.
This deviation was probably caused by the pressure field of the angle-of-
sideslip vane affecting flow around the angle-of-attack vanes. The effect
of the angle-of-sideslip vane was temporarily subtracted from the subsonic
angle-of-attack data during further fairing. The data were then plotted
as AaF versus Mach number squared with lines of ax,. The data were easily
faire as straight lines in the subsonic region ang supersonically beyond
Mach number of 1.51. However, in the transonic region there were complica-
tions in fairing. Large changes in the magnitude of the value of AcF and
sudden changes in its slope with Mach number made fairing difficult.LF

Schlerein photographs taken for flow visualization were examined in an
attempt to explain the rapid changes. The flow visualization studies, which
are partially documented in reference 4, indicated the sudden changes in
characteristics were correlated with the movement of shocks over the angle-
of-attack vanes. The data were then faired with sharp corners. The result-
ing curves for anale of attack at zero angle of sideslip plotted versus Mach
number with lines of a V are shown in Figure 14. The same information with
the subsonic deviation re6Lorea is snown in tigure 15(a).

The fairings of angle of attack at zero anqle of sideslip were compared
with data at other angles of sideslip. The comparison showed good agreement
with data at all angles of sideslip for the sunersonic Mach range. Subscnic-
ally there were deviations between the fairings and data which required cor-
rection. A small incremental correction was developed which was a function
of Mach number and true angle of sideslip. The effect of this correction
will be shown in the Results section of this memorandum.
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ANGLE-OF-SIDESLIP FAIRING:

The anale of-sideslip data were faired in a manner very similar to the
anole-nf-attack data. The data were very consistent and tne chdracteristics
Sirilar to anqle of attack when plotted versus Mach number squarea. Tae
same functional relationshio was used for anqle of siueslip as for angle
of attack so t.iat

2
LF = f(sin2p3,, sin 23,

-he analysis was very consistent and showed yood characteristics up to
a "ach number of 1.30. At !ach number of 1.30 the characteristics changed
slope with "Iach number in a manner similar to angle of attack, and were again
consistent to a "lach number of 1.51. ;eyond a "ach number of 1.51, tne data
showed little correlation between Mach numbers and had large, inconsistent
c'ianoes in characteristics. For Mach number values of 1.91, 2.11, 2.31,
2.41, and 2.54 the characteristics were so radically different that each
Vach number was faired indenendently and straiqht line interoolation with
Mach number squared was used. A plot of the characteristics for angle of
attack of 0.0 is shown in figure 16(b). The characteristics beyond a Mach
nur-her of 1.51 are caused bv numerous shocks impacting the angle-of-sideslip
vane. -nere is little reason to belicve that tie straight line segrent ac-
curatel"7 renresent the characteristics except in t.ie immediate vicinity, of
test (ata noints.
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RESULTS
The result of the analysis of the NASA/ARC test and data was a fairing

of the orror in angle of attack and angle of sideslip. These fairings were
effective calibrations of the flow ensing element of the AFFTC NBI3U. The
fairin's were compared extensively with the corrected test data and showed
accentable agreenent throughout the envelope of the data. The fairings
were ir'olenented in a series of FORTRAN IV subroutines useable in data
reduction I v all flight test programs having an NBIU with compatible con-
ticuirait ion.

ANGLE-OF-ATTACK RESULTS:

The fairings of the ancle-of-attack data are summarized in figure 15.
'2>e format of the plots wps changed from the format used in fairing to
plot error in angle of attack versus *4ach number wita lines of indicated
angle of attack. Figure 15(a) siaows an error in indicated angle of attack
at zero angle of sideslip across the Mach range plotted. The magnitude of
the error increases steadily through tne subsonic and transonic regions and
levels off at its largest magnitude between r*ach number values of 1.1 and
1.3. ' he error then decreases uniformly to zero around -'ach number value
01 2.5 '.iere t'ie data indicates tne error changes sign and begins to in-
creise in magnitude again. The error at indicated angle of attack of 0.0
is larg :e at low -ach numbers due to the pressure field of the angle-of-
sideslio vine and decreases to zero at Mlach number value of 1.0. The error
also inc reases and decreases with the value of indicated angle of attack.
_ffect; rf angle of sideslin, as shown by figure 15(b) , 15(c) , and 15(d)
are crnfirie to the subsonic region where they are large at low Mach numbers
and '(ccreae to zero at :1ach number value of 1.0. As expected, tae errors
are ccoeneent only on thie magnitude o' the sideslio anO not on the direction.

Tb" fairings of the angle-of-attack data are compared with the 'iA3A/ARC
data i A.ppendix A with generally good aareement. Agreement is excellent at
angle of sideslin of 0.0 both in level and trends, the exception being at
Mlach number values of 0.90 and 0.95 (especially 0.95) where tie data are
disnlaced because of a reflected shock. The agreement between the fairing
and data decrades with angle of sideslin in level, scatter, and short term
trends, but is generally good in lono term trends. The data was faired in
this -anncr because of lower confidence in the data at large an(les of side-
sli- ind the reduccc accuracy usually required at hig;her anales of sidieslir.

n70 itionallv, many of the short-term trends were possibly due to the wind
tunnel rather than beinc Ji'IF characteristics. 7,eynolds number effects were
inve-ti,-ateC at 'lac' number values of 0.90, 1.30, and 1.51. The data cor-
arii o ;' o,, necli ible effect due to Reynolds number.

ANGLE-OF-SIDESLIP RESULTS:

Ti'e fairings of the angle-of-sideslim data are summarized in figure 16.
_. he Lorr at of the lots was changed from the format used in fairing to plot

* -, error in angle of sidelin versus Iach number with lines of indicated angle
of sies'in. rioure lf (b) shows an error in indicated angle of siueslip at
zero angle of attack across the "lach range plotted. The magnitude of tiie
error increases .teadiilv tirou:h the subsonic and transonic regions to a
'ach numeor value of 1.3. At Mach number value of 1.3 the curves start to
deviate ra. idlv to a larger neouative value and at 1.5 begin to deviate
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toward positive values as shocks from forward portions of the NB3IU interact
with the angle-of-sideslip vane. Effects of anale of attack on tile angle-
of-sideslip error are shown in figures 16(a), 16(c), 16(d), 16(e), a- 16(f).As expected, tine effects of angle of attack on angle-of-sideslip erru.L je-e

not symmetric.

The fairings of the ancole-of-sideslip data are compared with the NASA/
ARC data in Appendix B with generally good agreement. Agreement is excel-
lent at low and moderate angles of attack and sideslip up to a Maca number
value of 1.3. Beyond a Mach number value of 1.3 the fits are, at best, good
with more scatter and more short-term, ordered deviations from the data.

NBIU CALIBRATION SOFTWARE:

arThe fairings of the NASA/ARC data were developed into a standard soft-
ware package for use in data reduction. All curves and fairings presentedl
in this memorandum were machine prepared using this software. The software
consists of six subroutines but the only user interface is with a subrou-
tine called ANGLES. The calling staterient

CALL XIGLES (ALFAV,BETAV,AMICT,CONVRA,CONVRB,ALPliA,BETA,IFLAG)

can be inserted in the users code to determine tae true angle of attack and
angle of sideslip from the indicated values. The indicated angle of attack,
ALFAV, indicated angle of sideslip, BETAV, and freestream Mach number, A!ICT,
are input. The convergence factor for angle of attack, CONVRA, and conver-
gence factor for angle of sideslin, CONVRB, determine the maximum difference
in two consecutive estimates of the true angles which will end internal iter-
ations. These values will normally be set to zero prior to the first call
so that the default value of 0.000001 will be used but they can be input if
the user desires. The true value of angle of attack, ALPHA, and true angle
of sideslip, 6ETA, are outnut along with an error flag, IFLAG. The error
flag is of little concern to the user who uses the software unmodified and
selects the default convergence factors. Users who do wish to change eitier
the software or convergence factors should consult the Programmer's Guide
located in Appendix C of this memiorandum.

Potential users of this software should be aware of two important res-
trictions on its use. The calibration is strictly valid only for the hard-
ware confiauration tested which had t',o unique features. The first feature
was a modified nitot-static adapter and different pitot-static lead than
most AFFTC iJBIUs. The user should consider changing the configuration of
his NBDIU to match the documented configuration prior to the flight test pro-
gram. If this is not practical, the software can and has been used to correct
data from other AFFTC NBIT configurations. Although this is not the recom-
mended approach, it gives more accurate results taan previous calibrations
plotting true versus indicated angle of attack from fliqht data and fairing
the resulting curve. The second feature is a noseboom which is unique to
the TACT program. The effect of noseboom upwash was not removed from the
calibration data. Correction for differences in upwash due to significant
differences in noseboom configuration should be made using the procedure in
reference 7 or some other acceptable method (Recommendation 3).

45



CONCLUSIONS AND RECOMMENDATIONS

The use of the NBIU calibration developed from data from the NASA/ARC
tests significantly improves the accuracy of anqle-of-attack and angle-of-
sidesli data obtained from AFFTC NBIU's and consequently improves the
accuracy of the excess thrust calculated from the NBIU longitudinal
acceleration. The use of the software counled with flight test adjustment
improves results over a solely flight test calibration whether the
production "BIU or TACT variant is used.

1. The rtoduction ,oftwae zhoulr be used on ail flight test
riogram6 uttizing AFFTC M73I1'6. (page 12)

The best accuracy and highest confidence in the results, however, is ob-
tained if the TACT variant is used.

2. A e new AFFTC NBI!'s should be built in the TACT configura-
tion and aez existing USPI's should be modified when practicae.
(page 15)

Since the noseboom confiauration on which the NBIU is mounted can sign-
ificantlv affect anqle-of-attack errors, a correction for differences in
unwash due to differences in noseboom configuration should be made.

3. CoortectLon 6or dif6erences in upwa Ih due to d,66etences in
noseboom con6iguration shouZd be made using the ptocedute in
refe-tence 7 o.t some other acce-tabte method. (page 45)
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APPENDIX A

COMPARISON OF ANGLE-OF-ATTACK DATA AND FAIRINGS

Data from the NASA/ARC calibration of the AFFTC NBIU were plotted on

the same grid as the AFFTC fairing. The data from test 11/97-731 were

first corf'ected as described in the body of this memorandum and plotted.

The AFFTC fairing as obtained from the production software was also

plotted. Figure Al presents the error in angle of attack due to local

flow for all test Mach numbers and angles of sideslip for a range of
indicated angles of attack.

48



RFFTC NBIU CRLIBRRTION SYMIBOL EXPLANATION

NASA/ARC 11- X 11-FOOT TUNNEL 0 RE/L 2.0X1081I/FOOT)
TEST 11/97-731 - I MAY 1973 - FFTC CURVE

NOTES:
I. ACTUAL MlACH NUMBER 1S 0.40.
2. DATA H1AS BEEN CORRECTED FOR 0.025 BIAS.

1 0

.. . . . .. . .
a . .----
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* 1 _ _ _7 .
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-:77

7

-40.0 0. 4. 6. 20 6. 200 20 280 30

0.U0DCTE NI. O TAK~vDOES

A) REFEC AH U0R 04
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RFFTL' NBIU CRLIBRRTION SMO XLNTO

NRSR/RRC 11- X 11-FOOT TUNNEL 0 RE/L 2.6X10 6
(/FOOTI

TEST 11/97-731 - I riRY 1973- AFCCUV

NOTES:
1ACTUAL MACH1 NUMBER IS 0.60.

2. DATA HAS BEEN CORRECTED FOR 0.025 BIAS.

0 00 ->---- _ _ _- _

05=

C3

3.

0.0 BO= 4.0 - --

C3 .0 ~ 4- * p-_ _ _ _

0-

0.0

- 0.0 - -----------

0.-

-4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
NBIU INDICATED ANGLE OF RTTACK.XVDEGREESI

B) REFERENCE M1RCH NUMBER =0.60
FIGURE RI: RNGLE OF RTTRCK ERROR DUE TO LOCRL FLOW (CONTINUED)
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RFFTC NBIU CRLIBRRTION SYMBOL EXPLANATION

NRiSR/PRC 11- X 11-FOOT TUNNEL 0D RE/L =2.lX1O6 (/FODT)
TEST 11/97-731 - 1 MARY 1973 - AFFTC CURVE

NOTES,
I1. AC TUAL MlACHI NUMIBER 15 0.80.
2. DATA HAS BEEN CORRECTED FOR 0.025 SEAS.

1. --- -

C3

0.0 2.

0.

U.
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-2 -U 7
-40 00 40 80 1. 3. 00 2. 80 3.
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FIGUR 4,0 NL FATCKERRDET OALFO CNIUD
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RFFTC NBIU CRLIBRRIION SYMlBOL EXPLANATION

NRSR/RRC It- X 11-FOOT TUNNEL CD RE/I = 2.0X106 1/FDOOP
TEST 11/97--731 - 1 MRY 1973 + R/ .X01YU

NOTES:
1. ACTUAL MACH NUMBER IS 0.90. X RE/I 5.5XI06 (/FOOT)
2. DATA HAS BEEN CORRECTED FOR 0.025 BIAS. - AFFTC CURVE
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RFFTC NBIU CRLIBRRTION SYMBOL EXPLANATION

NASA/ARC 11- X 11-FOOT TUNNEL 0 RE/L l.8X106(/FOOT)
TEST 11/97-731 - 1 MAY 1973 - AFFTC CURVE

NOTES:
I. ACTUAL MlACH NUMBER IS 0.95.
2. DATA MAS BEEN CORRECTED FOR 0.025 BIAS.

MI -.-

LI

0.0

0.
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RFFTC NBIU CRLIBRRTION YIOEXLNTO

NRSR/RRC I1- X It-FOOT TUNNEL a) RE/L 2.8X106 1/FOOT)
TEST 11/97-731 - 1 M1RY 1973 AFFTC CURVE

NOTES:
I. ACTUAL M ACH NUMIBER IS 1.05.
2. DATA HAS BEEN CORRECTED FOR 0.025 BIRS.

-- -- - 1 -

.0

L.J

0.

.0

8.

LL,

z

* U.

-40.00.40 8. 1206. 200 2.28020
As[= IN0AE-NGEO0TAK.yOOES

F]RFRNC AHNMBR=10
FIUER:CcEO TAKERR U OLCLFO CNIUD
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RFFTC NBIU CRLIBRRTION SMO XLNTO

NRSR/RRC 11- X 11-FOOT TUNNEL a) RE/L 2.9X106 (/FO0T)
TEST 11/97-731 -1 MRY 1973 -- FrTC CURVE

NOTES:
I. ACTUAL MACH NUMBER IS Id.G
2. DATA HAS BEEN CORRECTED FOR 0.02S BIAS.

0 - 0~I

.eut. . ...

-- T -o

- ~ 8-0

00

B-z.

---
0 ------

.2.0 ~ L L I
-4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0

N81U INDICATED ANGL.E OF ATTACK.CCV(0EGREES)

G) REFERENCE MRCH NUMIBER = 1.10
FIC UPE Ri: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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RFFTCt- NBIU CRLIBRRTION SYM~BOL EXPLANATION

NASARC 11- X 11-FOOT TUNNEL a RE/L S.lXtOGh/FOOT)
TEST 11/97-731 - 1 MlAY 1973 - FFTC CURVE
NOTES:
I. ACTUAL MACh NUMlBER 18 1.20.
2. DATA HAS BEEN CORRECTED FOR 0.025 BIAS.

. .. . .... - ..... .... ... -.

... ........ -4 - --- - --

0. 
.-.

.. .- . .

Ica -

.. . . . . . - . . .. .0 . - - -- -

. . .. .. . . .
ka. . . . -- -- - - -

-- - - ---- - - - - - - - - - - - - - - - - -

.... ... ----

--z- ---- - --

160.0.

-4.0 0.0 4.0 6.0 20 1. 00 40 28 30
NBZU INDICATED ANGLE Of ATTACK.CCV(DEOREES)

H) REFERENCE MACH NUMBER = 1.20
FIGURE Al: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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RFFC NIU RLJRPT~JNSYMlBOL EXPLANATION
NASA/ARC It- X 11-FOOT TUNNEL 0 RE/L =2.4X1061/FOOTI
TEST 11/97-731 - 1 MRY 1973 + RE/L =3.7XIDI '-IOTj

NOES AFFTC CURVE1. ACTUAL MlAC"I NUMBER 18 1.30.
2. DATA "AS BEEN CORRECTED FOR 0.025 BIAS.
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RFFI NBI CPIBPRIONSYMIBOL EXPLANATION __

NRSFI,/RRC 11-- X 1 1-FOOlT TUNNE[ cn RE/I 4.1X10
6

(/FOOT)

ITESI1 1 1 /97 -73 1 - 1 MRY 1973 -- FFTC CURVE

NOTES:
1. ACTUAL MIACH NUMBER IS 1.40.
2. DATA HAS BEEN CORRECTED FOR 0.025 BIAS.

7.0 :T -- T 7 K

- 6.0 - T -_

U, .01.
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-07

'a= 4- -a -
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FBI INIAE NLIFRTAKCVDGE
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RFFTC NBIU CRLIBRFITION SYMBOL EXPLANATION

NASA/ARC 9- X 7-FOOT TUNNEL 0 RE/L 2.0X108 (/FOOT)
TEST 11/97-731 - 1 flAY 1973 + E/L 4O16/q

NOTES: - AFFTC CURVE
1. ACTUAL MACH NUMBER IS 1.55.
2. DATA HAS BEEN CORRECTED FOR 0.095 BIAS.

aO.0

Lu. -77

- - ------

.0 .
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PFTCt~i CLBRTINSYMIBOL EXFLANATION___
NRSH, HFC 9- X 7-FOOT TUNNEL 0 RE/L 3.7XI06 (/FOOT)
TEST 11i97-'131 - I MARY 1973 A- FFIC CURVE

NOTFS:
R -TIRA P1RCH NUMiBER 1S 1.72.

nAT HS BEEN CORRFCTEO FOR 0.095 BIAS.

4~~~ ~~ ---- --- -- ------.--- 4------

Age 0 --- -

2 0

-'0 ti 4 0 6.0 12.0 16.0 20.0 2'4.0 26.0 32.0
WOlr ;NO!Cqtfl ANGLE Of ArrACl.aC~lnroatffS

[IREFERENCE MARCH NUMIBER 77
jAjll:RGiF OF ATTACK ERROR DUE TO 10CRi FO I~ [LOI fNUED 1
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RFFTC NBIU CRLIBRRTION SYMBUOL EXPLANATION

NASA/ARC 9- X 7-FOOT TUNNEL a RE/L 4.3XIOC(/FOOTJ
TEST 11/97-731 - 1 MAY 1973 - AFFTC CURVE

NOTES:
I. ACTUAL MACHI NUMBER IS 1.88.
2. DATA HIAS BEEN CORRECTED FOR 0.095 BIAS.

----- ---

mi
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o 0.0 -K 7~ K
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P~FTL NBIU RLIBR TIONSYMIBOL EXPLANATION___

NRSH/'RRU 9- X 7-FOOT TUNNEL 0 RE/ 4.2X10
6
1/FOOTI

TEST 1,/97-73' - I MRY 1973 - FTTC CURVE

NOTES:
t MA~JL 1CH NUMIBER IS ?.0"l.
?CATI HAPS REEN CORRECTED FOR 0.095 BIAS.

0 01

.0

0=4-0

~ A
9

5~2.0

0.01

* ~2.0L -

-4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0
NSIIJ tNDICATFD ANOLE OF RTTRCK.CCVI0EOREES)

N) REFERENCE !IRC1I NUMIBER --2.11

F -1'l Hl: iNGLE OF RTTF4CK ERROR DUE TO LOCRL FLOW [CONTINUED)
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RFFTC NBIU CRLIBRRTION SMO XLNTO

NRSA/RRC 9- X 7-FOOT TUNNEL 0 ft /L =4.1Xl10
81/FOOT)

TEST 11/97-731 - 1 M1RY 1973 EFT UV

NOTES:
I . ACTUAL MlAC" NUMBER IS 2.27.
2. DATA MRS SEEN CORRECTED FOR 0.095 SIRS.

-. 0.0- -

' 0.0___ _

-I.0 _

C

z --- ---

-4.0 ------- ------- _ _

.

-AJ

IL

-4.0 0.0 6. .0 12.0 16. 20.0 24.0 28.0 32.0

NBIU INDICATED RNGL.E OF RTTACK.OCV(DEGREES)

0) REFER~ENCE MARCH NUMBER = 2.31
FIGURE AI: ANGLE OF ATTACK ERROR DUE TO LOCAL FLOW (CONTINUED)
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qFF TU JB I CRL1 BRAT I ON SYMBOL. EXPLANATION
'IRSH RRC 9-- X 7-FOOT TUNNEL o RE/L 3.1x 0 6

/FOOT)

'S1 '1/97-731 - I MAY 1973 -FFTC CURVE
NOTES:

I. ACTUAl. PACH NUMBER IS 2.39,
2. ORTA HAS BEEN CORRECTED FOR 0.095 BIAS.

.
0

r-- --- r -. --- - - - -- -

I C. -.

" . . .. . . . . -

0 
. .. .

C 
.. . . . .1 -0-__

L ...............

-0 * 0 -.-- . - -

4.04

ci

z0.0

-30 . . ., -....

-- 3 0oo.0 4 .0 8.0 1.0 16.0 20.0 24.0 28.0 32.0
NBIU [N0ICATF0 ANGLE OF" ATTRCK.<Xv(DEGREES)

P) REFERENCE rIRCH NUMBER =2.41
FIGURE R': RNGLE OF ATTACK ERROR OUE TO LOCAL FLOW (CONTINlUED)
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RFFTC NBIU CRLIBRRTION SY.BOL EXPLANATION
NASA/RRC 9- X 7-FOOT TUNNEL e RE/L 3.GXtO61/FOOT)

NOTES:

1. ACTUAL MACH NUMBER IS 2.55.

2. DATA HAS BEEN CORRECTED FOR 0.095 BIAS.

t~~~ ~I t  i -t-

-IT-I [:;T i -I

- I-

=-~__-_ I :! , : ,_; _ ___---- ! ! ..

,,- ,-= oI ' i
0.0 _ _ _ _

o --- ---

- 0.0 
2 
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* I 'i , ..

I'. i " " . I _ __. "_ _ ' I

71-

L :. ; ! V i - 1 i

-2.0

-4.0 0.0 4.0 8.0 12.0 16.0 20.0 24.0 2e.0 32.0
NBIU INDICATED ANGLE OF ATTACK.OCV(DEOREES)

Q) REFERENCE MACH NUMBER = 2.54
FIGURE Al: ANGLE OF ATTACK ERROR GUE TO LOCAL FLOW (CONCLUDED)
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APPENDIX B

COMPARISON OF ANGLE-OF-SIDESLIP DATA AND FAIRINGS

Data from the NASA/ARC calibration of the AFFTC NBIU were plotted on
the same grid as the AFFTC fairing. The data from test 11/97-731 were
first corrected as described in the body of this memorandum and plotted.
The AFFTC fairing as obtained from the production software was also
plotted. Figure Bl presents the error in angle of sideslip due to local
flow for all test Mach numbers and angles of attack for a range of
indicated angles of sideslip.
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RFFTC NBIU CRLIBIRTION S-lO XPAA O
NASA/ARC 11- X 11-FOOT TUNNEL 0 ftE/L =2.0X1061/FOOT)
TEST 11/97-731 - I M1RY 1973 - AFFTC CURVE
NOTES:
I. ACTUAL MIACH NUMBER IS 0.40.
2. DATA MAS BEEN CORRECTED FOR - .285 BIAS.

3.C a;. .t{ I

(0

0-

x 0 - -4

C3 7 -:.

W. .... jf~j
-. 0 -20 00 20.0 B0 80 1. 120 10

A0 REE0NE AHNMBR 04
FRE 51 NL FSDELPERRDE OLCLFO
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RFFTC NBIU CRLIBRRTION S-lO XLNTO

NRSR/RRC 11- X 11-FOOT TUNNEL 0 RE/L 2.GX106 (/FOOT)
TEST 111/97-731 - I MRY 1973 - FT CURVE

NOTES:
1. ACTUAL MIACH NUMIBER IS 0.60.
2. DATA HRS BEEN CORRECTED FOR - .285 BIAS.

3.0

2.0 - I

0.0 __

0-

0 - 02.

.-

0-

0.

0.0 _ _ _

.0

L'i 0.0__ _ _ _ __ _ _ _ _ _ _ _ _ _ _

-LJ - -- - -

ct

0.0 --- -o~

ZCB 0.0

0.0~~(4- 1- 0._________

-1 0.0

-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
NBIU INDICATED ANGLE OF SIOESLIP.j*V(OEGREES)

B) REFERENCE !IRCH NUMBER = 0.60

FIGURE 81: RNGLE OF SIDESLIP ERROR OUE TO LOCRL FLOW (CONTINUED)
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RFFTC NBIU CRLIBRRTION SYMBSOL EXPLANATION

NASA/ARC 11- X 11-FOOT TUNNEL 0 ft /L 2.1X106 (/FOOT)
TEST 11/97-731 - I MAY 1973 EIFC UV

NOTES:
I. ACTUAL MIAC" NUMBDER IS 0.80.
2. DATA HAS BEEN CORRECTED FOR - .285 BIAS.

--------- ----
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RFFO LBIUCRLBRRIONSYMlBOL EXPLANATION
NRSR/RRC 11- X 11-FOOT TUNNEL 0 RE/L =2.0X106 /FOOT3
TEST 11/97-731 - I MRY 1973 + RE/L = 3.SX1O8 t/FDOT)

NOTES: x RE/L = 5.5Xt0 6(/FOOT)
iACTUAL MIACH NUMiBER IS 0.90.

Z. DATA "iAS BEEN CORRECTED FOR - .285 BIAS. -- AFFTC CURVE

3.,

.0

0-0
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RFFTC NBIU CRLIBRRTION SMO XLNTO

NASA/ARC 11- X 11-FOOT TUNNEL 0 RE/L 1.8X106(/FOOT)
TEST 11/97-731 - 1 MAY 1973 AFFTC CURVE

NOTES:
I. ACTUAL MACH NUMBER IS 0.95.
2. DATA HAS BEEN CORRECTED FOR -.285 BIAS.

2.C

0 -0

-j -

0.0-

z0 .0

0
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-0 -2. 0. . . . .0 1 20 1.

NB0.0CTE NI F IELP*~00ES

) REEENEMCHNMER 09

FIGURE ~ NBI :ALEOSIDESLTED AGEROR SOE TO LCAL LOW CONTNUE
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RFFTC NBIU CRLIBRRTION SYMBOL EXPLANATION

NRSR/RRC 11- X 11-FOOT TUNNEL 0 RE/L 2.8XI0
6
(/FOOT)

TEST 11/97-731 - I tIRY 1973 - AFFTC CURVE

NOTES:
1. ACTUAL MACH NUMBER IS 1.05.
2. DATA HIAS BEEN CORRECTED FOR -.285 BIAS.

L ~ ~ ~ ~cJ2 .0_ _ __ _ _ _

0.0O.0

z0.0

Cc 0.0K =8 .0

I ~~CBt4.0-
z-0

w 0.0
O:= a1.0

-0.- -

0.

-2 0.0.0
0C= .0 0 40 60 80 1. 20 1.

F]l REEECE.0H UIER 10

ac=- . . 4* ,



RFFTC NBIU CRLIBRRTION SYMBOL EXFLANATION

NASA/ARC 11- X 11-FOOT TUNNEL 0 RE/L 2.9X106 (/FOOT)
TEST 11/97-731 - I MAY 1973 R FFTC CURVE

NOTES;
I. ACTUAL MACH NUMBSER IS 1.10.
2. DATA HAS BEEN CORRECTED FOR - .285 BIAS.

S.C

2.0

-J0

0.

0.04.

z 0.

q( 1

-0.

.0

2.0 = 10 .02060 *60 10 120 40

-.0-
NSUIDCTDAGEOFSDSI.vDOES

G)RFRNE41l UBR 11
FIUR B0 ANL FSDSI ERRDET0OALFO CNIUD

LL Cte' 47,

S .0.



PFFTIC NBIU CRLIBRRTION SYBO EXPLANATION

NRSR/RRC 11- X 11-FOOT TUNNEL CD RE/L 3.1X10 6 (/FOOT)
TEST 11/97-731 - 2 MRY 1973 - AFFTC CURVE

NOTES*
I. ACTUAL MACH NUMBER IS 1.20.
2. DATA HAS BEEN CORRECTED FOR -. 285 BIAS.

-OF

20 0

U,

0 

01 ------------------- - I - - -

0C=2.

z

* . _ _=1 .

C3
Lu .~ ~- _ _ _ - - -- - - - - - - -- -

0.

Cc I I I I
-40 -. . . . 60 80 1. 20 1.

NBIU1 INIAE.N0 FSIELP~(E4ES

H) RE EE0E.R 
H I M ER z 1 2

FIUR 0I RNGF OF- S-E-PERRDU OLCLFOL CNIUD
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RFFTC NBIU CRLiBRRIION SMO XLNTO

NASA/ARC 11- X 11-FOOT TUNNEL 0 RE/L =2.4X1061/FOOT)
TEST 11/97-731 - 1 MAY 1973 + E/L = 3.7X106 (/FOOT)

NOTES: - AFFTC CURVE
1. ACTUAL MAC" NUMBER 1S 1.30.
2. DATA "AS BEEN CORRECTED FOR - .285 BIAS.

0.0~

0.0

0.

0
a' _ ___ _ _ _

a7-t

CL

a-

0 0-

oIz .

.0I~ ~ ~~~~~08 -1. .0----- . ---- ___

-40.0 -20 00 20.0 60.0 0. 20 40

NBI 0NIAEOAG.E F0DELP*(OGES

FIGURE~~~BI INICTE ANGLE OF SIDESLI RRDU OVOCA FOW(CflSNED

75



qFFTC NBIU CRLIBRRTION SYMBOL EXFLANATION

NRSR/RRC 11- X 11-FOOT TUNNEL CD RE/L =4.lXl0
6
(/FOOT)

TEST 11,,97-731 - I rIRY 1973 -.- RFFTC CURVE

NOTES:
1. ACTUAL MiACHi NUMBER 1S 1.40.
2. DATA HAS BEEN CORRECTED FOR -.285 BIAS.

90-

8.0- -

0 0

- 3.0- - - - -~

2 .0-

-J0

z 3.0-.

00

--------------- ----- - - -- -

0.01

- -2.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
NBIIJ INDICATED ANGLE OF SIDESLIP.L v (DEGREES)

J1 REFERENCE ?IRCH NUMiBER = 1.40
B,:PE HtIGLE OF SIDESLIP ERROR DUE TO LOCRL FLOW (CONTINUED)
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RFFTC NBIU CRLIBRRTIONSfULEXANTO
NASA/ARC 9- X 7-FOOT TUNNEL CD RE/L =2.0X10(/FOOT)
TEST 11/97-731 - 1 MAY 1973+ REL=401 6 /OT

NOTES: - AFFTC CURVE
I. ACTUAL MlACH NUMBfER IS 1.55.
2. DATA REQUIRED NO CORRECTION FOR BIAS.

En .0 -

- .0 -__- - -------- .---------- -------.---

.0 3.

3 -0

-J0
En

0 .0-

a 1.0____ _____4.0

C3
0.0_ _ __ _ __ _

00

-4.0 -2.0 .0 2.i. . 00 11

ILI
0______________0_____________



flTTL BIUCHLBRHIONSYMBDOL EXPLANATION

NHSfA.'FRC 9- X 7 FOOT TUNNEL 0~ RE/L 3.7X10
6

(/FOOT)

TEiST 11'2- 3 1 MRY 1973 .- FFTC CURVF

NOTES!
I HCT'JPL MACH NUMBER 1S 1.72.
?. DRTAr REIQUIREr) NI) CORRECTION FOR BIAS.

6 L 3-- --- -

'.- --- . ~ - - _ _ -----. - - .

- *'.2--* --- - --- - ------. .

C-

z~~~~~ 2.0 _ _ -_ _

Ir

.3- ~ XB -.0___

D

0

-2 -0 - -J.-

- 0 -2 fl 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
NS'Ij lNVICPTF0 ANGLE OF SIOESLIr.,&V(EGREESi

;&.FFRENCE M1RCH NI-IIMER I .'I
SOF IDJESLIP ERROR DUE TO LOCRL FLOW (CONTINUED)
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RFFTC NBIU CRLIBRRIION SYMBOL EXPLANATION

NRSR/RRC 9- X 7-FOOT TUNNEL CD RE/L 4.3X106(/FOOT)
TEST 11/97-731 -1 tIRY 1973 - AFFTC CURVE

NOTES:
I. ACTUAL MACH NUMBER IS 1.88.
2. DATA REQUIRED NO CORRECTION FOR BIAS.

7.0 ---

--- I -----

4.0 -

c~3.0

o3 2.0 _ _ __ _

0 .0 - -

00

0 _ 0

0.0 ---.

.0

~~~~~~~~~~~~- 0.--I- -. - _ . - . - - - - _ _ _

00

L4.0

'*- 0.0 - -- - - - - . . . - -_ _ _ _

0.0 -. -- B=. .0I-

-1.0 ------ - - - . -

-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 1O 0 12.0 14.0

NBZU INDICATED ANGL-E OF SIDESLIP.* VIDEGREES)

M)] REFERENCE TIRCH NUMBER =1.91
FIGURE Bl! RNGLE OF SIDESLIP ERROR DUE TO LOCRL FLOW (CONTINUED)
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SYMBOL EXPLANAT ION

NRSH/FPRC 9- X 7--FOOT TUNNEL 0 RF/L =4.2X10
6 (/FOOTI

TFST 11/97 7i31 1 MRY 1973 -~AFFTC CURVE

NO
T
ES:

I. ACIURL MACH NUMBER IS 2.07.
2. A UR REUIR O NO CORRECTION FOR BIAS.

6 0-- -- -- --

4. -

0w

4.0H -4 0

CD)

z 3,.

-2 .0>------ - .0

-04 t7 -0cj .02.4.6.8. 0 1.C4.

? .*



RFFTC NBIU CRLIBRRIION SYMBOL EXPLANATION

NASA/ARC 9- X 7-FOOT TUNNEL CD RE/L 4.1X10 6 1/FDOT)
TEST 11/97-731 - 1 MAY 1973- AFCCUV

NOT ES:
1. ACTUAL MACH NUMBER IS 2.2?.
2. DATA REQUIRED NO CORRECTION FOR BIAS.

6.0 _

co-
4. __ _ _ -

2.0

1.

I'.
z a 0
wr

-1.0~~~ aq=- - - - * - -__

-40 -. . . . 80 80 1.320 1.
NBUIDCTDAO.EOiSDSI.G DGES

0c RECtRENC MAHNMBR 23
FIUC3:R~EO IELPERO U OLCLFO CNIUD

x 0 80

ocB=12.

-I .c i



RFFTC NBIU CRLIBRRTION SMO XLNTO

NRSR/RRC 9- X 7-FOOT TUNNEL 0 RE/L =3.7XIO
6 U/FOOTI

TEST 11/97-731 - I MRY 1973 - FT UV

NOTES:
1ACTUAL MACH NUMBER IS 2.39.

2. DATA REQUIRED NO CORRECTION FOR BIAS.

.0

8.0 - - - - - - - - - - .

.

CD,

0

- -0 - _ _ _ _ . - -m- . _ _

0-0

P113 REEE4.0RHNMBR=24
FIGURE 31: F4NE OFSOSI RORDET0O FO CNIUD

0-082



PFFTC NBIU CRLIBRRTION SYMiBOL EXPLANATION

NASA/RRC 9- X 7-FOOT TUNNEL CD RE/L 3.6Xt06 (/FO0T3

TEST 11/97-731 - I ?IRY 1973 - AFFTC CURVE
NOTESt
1. ACTUAL MIACH NUMBER 1S 2.55.
2. DATA REQUIRED NO CORRECTION FOR BIRS.

5.0 r

-4.0 -

~.3.0

a 1.0- 
- _-

Z

z 0.0

0.0 - iO O--- .-- 2 . - -------- __

-o

w

.0

z

cc 0.

Z0.0 ~ q-

-1 .0 - - - - - - ------ -- - ------ _

-4.0 -2.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
NB!U INDICATED ANGL.E OF SIDESLIP.,&VI0EOREES)

0) REFERENCE MACH NUMBER =2.54
FIGURE B1: ANGLE OF SIDESLIP ERROR DUE TO LOCAL FLOW (CONCLUDED)
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APPENDIX C

PROGRAMMER'S GUIDE TO THE
AFFTC NBIU CALIBRATION SOFTWARE

INTRODUCTION

Progjrairor information for the software waich was developed to
irnleent the fairings of the wind-tunnel calibration of tae AFFTC
* ,; i contained in this a-rendix. The software is not "stand alone"
oftware, but Was clesioned to be included in data reduction routines.

I.:mse subroutines represent an "instrument calibration" for the NiBlU
'/:1icA should be applied to trie indicated values prior to corrections
for nitch rate, unwash, or boom bendinq.
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NBIU CALIBRATION SUBROUTINES

SUBROUTINE ANGLES:

Purpose. Subroutine ANGLES is tae user interface with the
4nIU calibration software. It is called with tie indicated angle
of attack, indicated anqle of sideslip, freestream M!ach nur ber, and
user-defined convergence factors (if desired) and returns *41UU true
angle of attack, NBIU true angle of sideslip, and an error flag. It
checks the input data and performs the outermost iteration involving
convergence of angle of attack and angle of sideslin to their true
values.

Conditions of Validity.

(1) The external confiquration of the test .:bIU ilust closely
match the wind-tunnel confic-uration as cescribed in the Test 1'3IU
section of this memorandum.

(2) This subroutine reouires t'ie :'DIU indicated angle of
attack to be greater than -10.0 degrees and less than +40.3 degrees.
If the value is outside these limits, no calculations are made and
the !BIT' true angle of attack returned is the same as the value when
ANGLES was called whether fron user initialization, a previous call,
or computer core initialization.

(3) This subroutine requires tae :NEIU indicated angle of
sideslin to be greater than -15.0 deorees and less than +15.3 degrees.
if the value is outside these limits, no calculations are mace and
the :IBIU true angle of sideslin returned is thu same as the value
when ANGLES was called whether fror user initialization, a previous
call, or computer core initialization.

(4) It is assumed tait Macn number innut will be greater
than 0.0 and will not exceed 2.55 by a significant amount. .;o checks
are made within the :IBIU calibration software on Mlach number. Values
less than 0.0 obviously renresent invalid data which the user must
edit. Values greater than 2.55 cause extrapolation of curves which
were defined by data less than or eCCual to 2.55. The extrapolated
values rnay or may not be valid and confidence decreases rapidly as
Mach number increases.

(5) It is assumed tiat tihe user will either accept the
default values of convergence factor (the allowable difference between
two consecutive iterations) on angle of attack and angle of sideslip,
or substitute reasonable values. Increasing or decreasing the con-
vergence factors may decrease or increase run time by a very small
amount. Any decrease or srall increase in the convergence iactors
will not significantly affect accuracy, but large increases could
reduce the accuracy significantly.
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Storage Required.

OCTAL WORDS DECIMAL 'VORDS

156 110

Juborograms Used.

DELALF, DELBET, ABS(absolute function)

Calling Statement.

CALL A GLES (?ALFAV, BETAV,MICT,CONVRA,CONVRB,ALPHABETA, IFLAG)

Calling Argument Innut.

INPUT DESCRIPTION UNITS

av ALFAV ZBIU indicated angle of attack deg

3ETAV NBIU indicated angle of sideslip deg

AM4CT freestream. Mach number N-D

: u CONVRA angle-of-attack convergence factor (eg

An CONV angle-of-sideslip convergence factor deg

Calling Argument Output.

O[TPUT DESCRIPTION UNITS

ALPHA NDIU true angle of attack deg

.)ETA .NBIU true angle of sideslip deg

IFLAG error flag (see Error Flag Structure subsection) ---

Major Internal Variables.

VARIABLE DESCRIPTION UNITS

a ALFAP previous iteration value of ALPHA deg

jETAP previous iteration value of BETA deg

.Q DALFA absolute value of difference in ALPHA between deg
two consecutive iterations

DDETA absolute value of difference in BETA between deg
two consecutive iterations
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Error Flag Structure.

The error flag output by XNnLES denotes an error and/or error
which occurred within the NBIU calibration software. The flay value
can be decoded to define all critical errors which occur with the pos-
sible exception of problems caused by user innut of Mach number or
convergence factors. The error flag uses two digits to define
errors or error combinations; the l's digit denotes an error in the
input data or problems with convergence of either anqle of attack or
angle of sideslip and the 10's digit denotes problems with convergence
of the larger iteration involving both angle of attack and angle of
sideslin. The errors are summarized below where an X in either the
l's or 10's digit denotes insignificance of the diqit value to tae
particular error. It should be noted that any but the first or second
value of the error flag denotes software problers rather than data
problens. Convergence failure with the default convergence factors
indicates a problem at the intersection of two segments of the curves
which was undetected during checkout or, more likely, a card which was
inadvertently changed during copying or loading of the routines.
Although no convergence failure has ever been noted with the final
software, the user should provide aporopriate checks of the error
flag to insure that valid results are beinQ obtained.

IFLAG

VALUE DESCRIPTION OF ERRORS

0 No errors encountered

I Innut value of ALFAV or BETAV is outside allowable
limits: No calculations are made; ALFA and BETA
values returned or from previous calls or user
initialized values

X2 Convergence within subroutine CNVRG on angle of
attack failed to converce within 20 iterations

X3 Convergence within subroutine CN'VRG on angle of
sideslip failed to converge within 20 iterations

X5 Convergence within subroutine CNVRG on both anqle
of attack and angle of sideslip failed to converge
within 20 iterations

2X Convergence within subroutine ANGLES on angle of
attack failed to converge within 20 iterations

3X Convergence within subroutine A1.GLES on angle of
sideslip failed to converge within 20 iterations

5X Convergence within subroutine ANGLES on both angle
of attack and angle of sideslip failed to converge
within 20 iterations
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Program Description. Subroutine ANGLES receives inputs from
user routines, sets the convergence factors to the default values if
none are snecified, and checks that input values are within acceptable
limits. If all innuts are within limits, it initializes the "true"
anqles of attack and sideslip to the indicated values. based on the
best estimates of the true angles, errors due to local flow are cal-
culated and the estimates of true angles are updated. The process
of calculating errors due to local flow and updating the estimates

of t:Ie true angles continues until both aloha and beta on two
consecutive iterations are ,;ithin their resoective convergence
factors. if either iteration fails to converge after 20 passes, the
error flaa is set and the value of ALPHA and BETA returned is the last
estimate. The flow diagram and program listing which follow7 provide
:Iotail o thie ubroutine, oneration.

Prqoram Li sting.

SUBROUTINE ANGLES IALFAV, dETAV ,AMCTCONVRA,CUNVRBALPHA BETA,1FLAG)ANGLES 1

C ANGLES 3
C SUBROUTINE ANGLES DETERMINES TRUE ANGLE OF ATTACK AND TRUE ANGLE ANGLES 4
C OF SIDESLIP GIVEN THE INDICATED VALUES FOR THE STANDARD AFFTC ANLLEJ 5
C NUSEaLJUM INSTRUMENTATION UNIT (NBIU) AS REFERENCED IN REPORT ANGLE- 6
C AFFTC-TIM-hI-2v,"AERDYNAMIC CHARACTERISTICS OF THE AFFTC NUSEBOl. ANGLts I
C INSTRUMENTATION UNIT". LIMITS FOR INDICATED ANGLE UF ATTACK ARE ANGLES 8
C -l0.0 To +4u.O DEGREES AND FOR INDICATEJ ANGLE OF SIDESLIP ARE ANGLE I
C -15.0 TO +1t.0 uEGREES. ANGLFSIO
C ANGLESii
C EXTERhAL VARIABLES- ANGLESIZ
C NAME DESCRIPTION UNITS ANGLESI3
C INPUT - ALFAV - BOOM INDICATED ANGLE OF ATTACK - DEGREES ANGLESL4
C BETAV - bUOM INDICATED ANGLE OF SIDESLIP - DEGREES ANGLES15
C AMCT - FREESTREAM MACH NUMdER - ******* ANGLES16
C CJNVRA - ITERATION CONVERGENCE FACTOR FUR ANGLESI7
C ANGLE OF ATTACK (DEFAULT=.OOOO1) - DEGREES ANGLESIS
C CUNVRd - ITERATION CONVERGENCE FACTOR FOR ANGLESI9
C ANGLE OF SIDESLIP (DEFAULT=.O0000) - DEGREES ANGLESZu

C OUTPUT - ALPHA - BOOtM TRUE ANGLE OF ATTACK - DEGREES ANGLES21
C bTA - 8UU1 TRUE ANGLE OF SIDESLIP - DEGREES ANGLES2
C IFLAG - ERROR FLAG - ***** ANGLES23
C IFLAG= ONO ERRORS ENCOUNTERED ANGLES24
C IFLAG= 1,ALFAV OR BETAV IS OUTSIDE ANGLES25
C ALLOWABLE LIMITS ANGLESZ6
C IFLAG=X2,CNVRG INTERNAL CONVERGENCE ANGLES27
C ON ANGLE OF ATTACK FAILED ANGLES28
C IFLAG=X3,CNVRG INTERNAL CONVERGENCE ANGLES29
C ON ANGLE OF SIDESLIP FAILED ANGLES3O
C IFLAG=X5,CNYRG INTERNAL CONVERGENCE ANGLES3I
C ON ANGLE OF ATTACK AND ANGLES32
C ON ANGLE OF SIDESLIP FAILED ANGLES33
C IFLAG-2X,ALFA CONVERGENCE INCOMPLETE ANGLES34
C AFTER 20 ITERATIONS ANGLES35
C IFLAG=3XBETA CONVERGENCE INCOMPLETE ANGLES36

C AFTER 20 ITERATIONS ANGLES37
C IFLAG=5XALFA AND BETA CONVERGENCE ANGLES38
C INCOMPLETE AFTER 20 ANGLES39
C I TERATIUNS ANGLES4O
C ANGLES4I

.I - . . . , [ . . . .I I -- - ' ' -'" -" . . . " i =' i ) 8 8



C REVISION RECORD- ANGLES42
C NAME DATE ANGLES43
C WRITTEN BY - MARK KURSMU 9 FEB 1978 'GLE544
C REVISED BY - KEN RAWLINGS 23 JUL 1981 ANuLLS45
C ANGLES46

DATA CONACONB/.000001.O00001/ ANGLES48
C SET DEFAULT VALUES FOR CONVERGENCE FACTURS ------------------- ANGLES,9

IF(CONVRA .EQ. 0.0) CONVRA-CONA ANGLES5O
IFICONVRB *EQ. 0.0) CUNVRB=CONB ANGLES5I

C CHECK FOR INPUT VALUES OUTSIDE LIMITS ANGLES52
IFLAG=- ANGLES53
IFM(ALFAV .LT. -10.0) DR. (ALFAV .GT. 40.0)) RETURN ANGLES51
IF(BETAV .LT. -15.0) oOR. (8ETAY .GT. 15.0)) RETURN ANGLES55

C INITIALIZE ITERATION VARIABLES -- ------------- ANGLES5b
IFLAG=0 ANGLES57
ALPHA=ALFAV ANGLES5d
BETA =BETAV ANGLES59

C ITERATE TO OBTAIN ALPHA AND BETA --------------------- ANGLES60
DO 100 I=1120 ANGLES6I
ALFAP=ALPHA ANGLES6Z
BETAP=BETA ANGLES63
CALL DELALF(ALFAVBETA 9AMCT*CONVRAIFLAGALPHA) ANGLES64
CALL DELBET(ALPHABETAVtAMCTtCQNVRBIFLAG,8ETA ) ANGLES65
DALFA=ABS( ALPHA-ALFAP) ANGL'LSbb
DBETA=ABS(BETA -BETAP) ANGLESb7
IF((DALFA oLS. CONVRA) .AND. (DBETA .LE.CUNVRB)) RETURN ANGLES6

100 CONTINUE ANGLESb9
C SET FLAG DENOTING FAILURE OF ALPHA/BETA ITERATION TU CUNVERGE ---- ANGLEsIc

IFIDALFA .GT. CONVRA) IFLAG-IFLAG+20 ANGLES-71
IF(DBETA .GT. CONVRB) IFLAG=IFLAG+30 ANGLES72
RETURN ANGLES 13
E4D ANGLES 7
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SUBROUTINE DELALF:

Purvose. Subroutine DELALF calculates the NBIU true angle
of attack from the NBItT indicated anale of attack, NBIU true angle
-f sideslin and freestrear Mach number. DELALF is called from the
iterative lrop in subroutine ANLES with the NBIU true angle of side-
slin eaual to tie latest estimate in order to update the estimate
of I I. true anole of attack.

Storace Renuired.

OCTAL WORDS DECIMAL W.ORDS

55 45

;ubJ)rrograms Used.

DALFAO, COS (cosine function), ADS (absolute function)

Callin S" taterent.

I'ALL DFLALF (ALFAV,BETA,AMCT,COA'VRA, IFLAG,ALPHA)

Callinc A'rcument Innut.

!'_____DESCRIPTION UNITS

- "AV IvIU indicated annle of attack deg

1:IU true annle of sideslin dec

A = freestream :1ach number '.-D

C M',VRA ann1--)f-attack converqence factor dec

ILlT-] error flac (see Lrror Flan Structure, Sub- ---
routine A YGLES)

Callini Arrurent-, 'Dutnut.
X[ "T2P V :T DE:SCRIPTION UNITS

:4I'IV true annle or attack deg

[FLACG error flac (see Error Flani Structure, Sub- ---
routine ANGLES)

".ajor Internal Variables.

'..\, 1T BT !,DESCRIPTION UNITS

A 0 ALPHA IU true annle of attack for innut indicated dec
an(le of attack and freestrear Mach number but
:1IU true ancle of sideslin equal 3.0

% chancre ir 'ITI" true anole of attack due to dec
T:PIT' true ancle of sideslip
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Program Description. Subroutine DELALF calculates the NBIU
true angle of attack in two stens. First, subroutine DALFAO is
called to calculate the true anqle of attack for the input indicatec
angle of attack and Mach number, variable ALPHAO. For Mach numbers
less than 1.0, a small correction for anqle of sideslip, variable
DALFBT, is calculated and added to variable ALPHAO to obtain tihe
NBIU true angle of attack.

Program Listing.

SUBROUTINE DELALF(ALFAV,8ETAAMCTCONVRAIFLAGALPHA) DELALF I
C ********2*****************************************************#**DL*A*F Z
C DELALF 3
C SUBROUTINE DELALF DETERMINES BOOM TRUE ANGLE OF ATTACK GIVEN THE DELALF 4
C BOOM INDICATED ANGLE UF ATTACK AND TRUE ANGLE OF SIDESLIP. THE DELALF 5
C TRUE ANGLE UF ATTACK IS CALCULATED FOR 0.0 DEGREES ANGLE OF DELALF 6

C SIDESLIP AND A SMALL DELTA IS ADDED TO ACCOUNT FOR ANGLE OF DELALF 7
C SIDESLIP EFFECTS. DELALF 8
C DELALF 9
C EXTERNAL VARIABLES- DELALF10

C NAME DESCRIPTION UNITS OELALF11
C INPUT - ALFAV - BOOM INDICATED ANGLE OF ATTACK - DEGREES DELALFIZ
C BETA - BOOM TRUE ANGLE OF SIa)ESLIP - DEGREES 3EL.ALF13
C AMCT - FREESTREAM MACH NUMBER - ******* DELALFI4
C CUNVRA - ITERATIUN CONVERGENCE FACTOR FOR JELALF15
C ANGLE OF ATTACK - DEGREES DELALF16
C IFLAG - ERROR FLAG - ******* DELALFi?

C OUTPUT - ALPHA - BOOM TRUE ANGLE OF ATTACK - DEGREES DELALF18
C CONVRA - ITERATION CONVERGENCE FACTOR FOR DELALF19
C ANGLE OF ATTACK - DEGREES 0ELALF2O
C IFLAG - ERROR FLAG - ******* DLALF2I
C UELALF2Z
C REVISION RECORD- DELALF23
C NAME DATE OELALF24

C WRITTEN BY - MARK KORSMO 9 FEB 1978 DELALFZ5
C REVISED BY - KEN RAkLINGS Z3 JUL 1981 DELALFZ6
C DELALF27
C ********************************************************************L*A**2

REAL INTR DELALF29
C CALCULATE TJE ANGLE UF ATTACK AT 0.0 DEGREES ANGLE OF SIDESLIP -- UELALF30

CALL DALFAO(ALFAVAMCTCUNVRAIFLAGALPHAO) DELALF31

C CALCULATE CHANGE IN ANGLE OF ATTACK DUE TO ANGLE OF SIUESLIP ----- DELALF32
DALFBT=O.0 DELALF33

IF(AMCT .GT. 1,00) GO TO 100 UELALF34

SLOP-+15.0*(I.-COS(ABS(BETA)/57.296)) DELALF35
INTR--15.0*(I.-COS(ABS(BETA)/57.296) OLLALF36

OALFBT-INTR+(SLOP*AMCT*AMCT) OELALF37
100 ALPHA=ALPHAO+DALFBT DELALF36

RETURN OELALF39
END jtLALF40
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SUBROUTINE DALFAG:

Purose. Subroutine DALFA0 calculates the value the 4131U
triv, inI( wnuld ha-ve for th. IT3I(' indicated angle of attack and
'.recstrex- '-acfi nur-I)er (usin, data fairinas for) 0.0 degrees angle

!tcraj- Tec-uireC.

kuCTAL'O,,) D"CII~AL .ORDS

340 224

Um.rcqjraz's UscC.

C:RAPS (-lsolute fuinction)

Callinri 2tatcr-ent.

'IL ALF0 (!LFAV , MC7, ,COVRA, i r!AG , ALP! A 0)

.d :l' .Xriuvmcnt Innut.

____________DESCRIPTION L~~

'TA . tiniatec 3 ancle of attackC,-

Sf-;t re r- 'acli n-,imber

U acn- 1ocattac, con'ercence factor e

-- ror 1.a -(w (q rror ilaq Structure, ub-
rouitino , L U11 U2)

____________________ DOutIP.'I U ______
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AD-AIIS 315 AIR FORCE FLIGHT TEST CENTER EDWARDS AFB CA F/B 1/3

AERODYNAMIC CHARACTERISTICS OF THE AFFTC NOSEBOO14 INSTRUMENTATI--ETC(U)
MAR 52 K RAWLINGS, M T KORSMO

UNCLASSIFIED AFFTC-TIM-B1-2-VOL-1 NL

END



Program Listing.

SUBROUTINE DALFAO(ALFAVAMCT.CONVRAIFLAGALPHAO) DALFAO I
C***********4********************************************t***#****tt**t**OALFAO Z

C DALFAO 3
C SUBROUTINE DALFAO DETERMINES BOOM TRUE ANGLE OF ATTACK GIVEN THE OALFAO 4
C BOOM INDICATED ANGLE OF ATTACK AND CORRESPONDING FREESTREAM MACH DALFAO 5
C NUMBER. THE SUBROUTINE IS VALID ONLY AT 0o0 DEGREES ANGLE OF DALFAO 6
C SIDESLIP. DALFAO 7
C DALFAO 8
C EXTERNAL VARIABLES- DALFAO 9
C NAME DESCRIPTION UNITS DALFAOIO
C INPUT - ALFAV - BOOM INDICATED ANGLE OF ATTACK - DEGREES DALFAO11
C AMCT - FREESTREAM MACH NUMBER - ******* OALFAO12

C CONVRA - ITERATION CONVERGENCE FACTOR FOR DALFAO3
C ANGLE OF ATTACK - DEGREES DALFAO4
C IFLAG - ERROR FLAG - ******* DALFAOLS
C OUTPUT - ALPHAO - BOOM TRUE ANGLE OF ATTACK AT 0.0 DALFAO6
C DEGREES ANGLE OF SIDESLIP - DEGREES DALFA01?
C IFLG - ITERATION REQUEST FLAG - ***** DALFA018
C IFLG-2,lTERATION REQUESTED ON ANGLE DALFA019
C OF ATTACK DALFAOO
C IFLAG - ERROR FLAG - * * DALFAOZ
C DALFAOZZ
C REVISION RECORD- OALFA023
C NAME DATE OALFAOZ4
C WRITTEN BY - MARK KORSMO 9 FEB 1978 DALFAO25
C REVISED BY - KEN RAWLINGS 8 JAN 1982 DALFAOZ6
C DALFA027
C************************ *** ********* ****************#***D ALFAoZ8

DATA IFLG/2/ DALFAO29
C SET VALUES OF CONSTANTS FROM CURVE FITS --------- ----- OALFAO30

DATA BItB2LtSL1,S21/ -1.18395, -0.70130, -0.42941, *000111I DALFAO31
DATA BlZ9B2ZsSLZSZ2/ .000000, +000000, -1.45250, -1.3l72l/ OALFA03Z
DATA B13,B23tSL39SZ3/ -0.33865, -7.31612, -0.568639 +2.95072/ DALFAO33
DATA B14,2B4,S14S24/ -Z.123ZZ, -0.146559 0.477199 -0.193691 DALFAO34

C DETERMINE TRUE ANGLE OF ATTACK AT 0.0 DEGREES ANGLE OF SIDESLIP -OALFA035
IF(AMCT .LE. 1.000) GO TO 100 DALFA036
IF(AMCT .LEe 1.100) GO TO ZOO OALFA037
IF(AMCT .LE. 1e300) GO TO 300 DALFAD36
IFIAMCT *LT. 1.510) GO TO 600 DALFA039
GO TO 700 OALFAOO
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C ALPHAO FOR MACHl NUMBER LESS THAN 1.000--------------ALFA041
100 CALL CNVRG(B11,8Z1,SllSZI.ALFAVAMCTCONRAIFLGALPHOJF-LAG) OALFA042

ALPHAO-ALPHAO.(O.2935*( i.0-AMCT)**ZI CALFA043
RETURN DALFA044

C ALPHAO FOR MACH NUMBER BETWEEN 1.000 AND le100------------ALFA045
200 AMCI-1.00 DALFA046

AMC2- i.i1 DALFA047
CALL C4VRG(B1L81,B1S11.SZlALFAYAMC1,CONVRAIFL6.,ALFAL1FLA63 OALFA048
CALL CNVRG(BIZB2ZSLZS22,ALFAVAMC2,CONVRAIFLGALFA2,!FLAG) OALFA049
FACTORaU(AC*AMCTI-(AKLC*AMCL) I (IAMCZ*AMC2)-(AIC1*AMCLUI OALFAOSO
ALPHAOuALFAI.-(FACTOR*(ALFA2-ALFA1)) OALFA051
RETURN DALFA052

C ALPHAO FOR MACH NUMBER BETWEEN 1.10 AND L*30-----------OLFA053
300 AICI-1.LO DALFA054

AIC2-1*30 OALFA055
CALL CNVRG(B12,B2,S12,SZ2,ALFAVAMC1,CONVRAIFLGPALFAL1,FLAGI g)ALFA056
IF(ABS(ALFAV).LE.(1O.91#8514((-0.14060)*(AMCT*AMCT)5)IGO TO 400 OALFA057IICALL CNVRG6813,B23,SI3,S23,ALFAVsAMCZCONVF*AIFL~gALFA2,IFLAG) DALFA058
GO TO 500 DALFA059

400 CALL CNVRGtBI4,8Z4,S14,S24,ALFAVAMC2,CJNVRAIFLCALFAZIFLAGI DALFA060
Soo FACTORU((AMCT*AMtCT)-(AICL*AICII) / ((ARCZ*ANCZI-IAMC1*AMCLI) OALFA06L

ALPHAOUALFA1.(FACTOR*(ALFAZ-ALFAI)) OALFA062
RETUR N DALFAU63

C ALPHAO FOR MACH NUMBER~ BETWEEN 1.30 AND 1.51 -------- ------ DALFAO64
600 IF(ABS(ALFAV).LE,(10.94851.((-O.14060)*(AMCT*AMCTI))GO TO 700 DALFA065

CALL CNVRGI B13,B23,S13,S23,ALFAVAMCTCUNVRAIFLGALPHA0,1FLAGI DALFA066
RETURN DALFA067

C ALPHAO FOR MACH NUMBER GREATER THAN 15----- -- --- ALFA068
700 CALL CNVRCG 814iB24S4S24ALFAVAMCTCONVRAIFLGALPHAOIFLAG) DALFA069

RETURN DAL F A070
END BALFA071
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SUBROUTINE DELBET:

Purpose: Lubroutine DELJ3ET calculates the NBIU true angle c
sideslip from the NBIU indiqatei angle of sideslip, NBIU true angle of
attack and freestream 'lach number. DELBET is called 5roi tae iterative
loop in subroutine ANGLES with the NBIU true angle of attack equal to
the latest estimate in order to update the estimate of NBIU true angle
of sideslin.

Storage Reauired.

OCTAL IiORDS DECIMAL i.URDS

345 229

Subprograms Used.

COS (cosine function), DLLTAO, ABS (absolute function)

Calling Statement.

CALL DELBET (ALP!iA,BETAV,AMCT,CONVRB,IFLAG,3ETA)

Calling Argument Input.

INPUT DESCRIPTION U'UTO

a ALPhA NBIU true angle of attack deg

3V  BETAV aBIU indicated angle of sideslip ue%

"4 A4CT freestrearn Iach nxiber N-D

A3co n CONVRL angle-of-sideslip convergence factor deg

IFLAG error flag (see Error Flag Structure, Sub- ---
routine ANGLES)

Calling Argument Output.

OUTPUT DESCRIPTION UNITS

LETA .JBIU true angle of sideslip ocg

IFLAG error flag (see Error Flag Structure, Sub- ---
routine ANGLES)

Major Internal Variables.

VARIAB;LE DESCRIPTION UNITb

0 LETAO NBIU true angle of sideslip for input indicated de9
angle of sideslip and freestream Mach number but

NSIU true angle of attack equal 0.0

AZ DB change in NBIU true angle of sideslip due to deg
angle of attack (subscripts of 1 or 2 are

used to denote Mach number)
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Pro ram Description. subroutine DELBET calculates tae ABIL
true angle of sideslip in two steps. First, subroutine DETAO is
called to calculate the true angle of sideslip for the input indicated
angle of sideslip and Hach number, variable BETA0. A correction for
angle of attack is then calculated and added to variable BETAO to
ob;tain the NBIU true angle of sideslip.

Program Listing.

SUBROUTINE OELBET(ALPHAtBETAVANCTCONVR8,IFLAGBETAI DELB t I

* DELBET 3
C SUBROUTINE DELBET DETERMINES BOOM TRUE ANGLE OF SIDESLIP GIVEN THEDELBET 4
C BOOM INDICATED ANGLE OF SIDESLIP AND TRUE ANGLE OF ATTACK. THE DELBET 5
C TRUE ANGLE UF SIDELIP IS CALCULATED FOR 0.0 DEGREES ANGLE OF DELBET 6
C ATTACK ANU A SMALL DELTA IS ADDED TO ACCUUNT FOR ANGLE OF ATTACK OELBET 7
C EFFECTS. DELBET 8
C DELBET 9
C EXTERNAL VARIABLES- DELBETLO
C NAME DESCRIPTION UNITS DELBETLI

C INPUT - ALPHA - BOUM TRUE ANGLE OF ATTACK - DEGREES DELBET12
C aETAV - BOOM INDICATED ANGLE OF SIDESLIP - DEGREES DELBET13
L AMCT - FREESTREAM MACH NUMBER - ******* OELBEI14
C CONVRB - ITERATION CONVERGENCE FACTOR FOR DELBETI
C ANGLE OF SIDESLIP (DEFAULT-.000001) - DEGREES DELBETI6
C IFLAG - ERROR FLAG - ******* DELBETL7

C OUTPUT - BETA - BOUM TRUE ANGLE OF SIDESLIP - DEGREES DELBETI8
C IFLAG - ERROR FLAG - ******* DELBET19
C OELBET2O
C REVISION RECORD- DELBET21
C NAME DATE DELBETZZ
C WRITTEN SY - MARK KURSMU 9 FEB 1978 DELBET23
C REVISED BY - KEN RAmLINGS 6 NOV 1981 UELBET24
C DELBET25

REAL INTINTI8 DELBET27
DIMENSION A(31,B(3)9C(31 ,D(3lE(3) DELdETZ8

C SET VALUES UF CONSTANTS FROM CURVE FITS ------------------- DELBET29
DATA A /-.779306LE-3,..3574667E-I,-.14l3029E-2IDELBET30
DATA 8 /..l443219E-2,-.2264961E-L,.OOOOOOOEOOIDELBET31
DATA C /. 996709 E-3,-.35O1526E-L .1236146E-Z/DELBET32
DATA 0 /* .O59054E-Z,-.2767444E-L,.L29687E-2IDELBET33
DATA E /-.4961146E-3,.70734S6E-,*.37Z6786E-3/DELBET34

C DEFINE STATEMENT FUNCTION ------- ---------- ----- DELSET35
DBET( STUAa)-(S*B*ABS(IBl*A).(T*B*A).(U*B*A*A) DELBET36

C CALCULATE TRUE ANGLE OF SIDESLIP AT 0.0 DEGREES ANGLE OF ATTACK -DELBET37

CALL DBETAO(3ETAVtAMCTCONVRBIFLAGBETAO DELBEI38
C CALCULATE CHANGE IN ANGLE OF SIDESLIP DUE TO ANGLE OF ATTACK -- DELBET39

IFIAMCT .LE. L.30) GO TO 100 DELBET40

IF(AMCT .LE. 1.55) GO TO 200 DELBET41
IF(AMCT *LE. 1.881 GO TO 300 DELBET42
IF(AMCT .LE° 2.071 GO TO 400 DELBET43
IF(AMCT °LE. 2.27) GO TO 500 DELBET44
GO TO 600 OELBET45
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C BETA FOR MACH NUMBER LESS THAN lo300 -- - ------ DELET46
100 SLOP1Sm11.444444*(1.-(COS(BETA/57296,1)**ZI DELSET47

SL0PE-SLOP1B(SLOPL8I.4943*1.*-COS(AaSALPHA/57.29611-.o4s9,3' 9ELBE148
INTLS--25.ZS*(1.-(COS(BETAV/57.296))**2) swL RET49
INTuINT18,(I.4T18/(.O48943))*((1.-COS(ASALPtIA/57.z%,1))-o4893) DELBET50
Del-I NT*SLOPE*AMCT*AMCT DEL BET51
IF(SETAV.LT.O*)DSI--0B1 BELBET52
BETA-BETAO*091 DELBET53
RETURN DELBET54

C BETA FOR MACH NUMBER BETWEEN 1.300 AND 1.550---------EL T5
200 AMI-1.30 OELSET56

AM2-1.55 DELBET57
SLOPI~ll811444#444*(1.-(CDS (SETAV/57.296b)**Z) OELBET58

IN&-2*S(.(OSGTV$*91*2 B ELBET60

INTa1I4TlB,(I4T18I(.,048943)1*( (l-CoS(ABS(ALP1A/57.z96)))-.04eg431 DELBET61
DBI-INT + SLUPE*AM1*ANI DELBET62
IFISETAV*LT.,0*)DB1w-D1 DELI3ET63
DBZ-DBET(A111',A(ZhgA(3),ALPHABETAV) DELBET64
FACTOR.((AMCT*AMCT)-(AN1*AM1I )/((AM2*AM2)-(AM1*AM1)) OELBET65
BETA-BETAO.(DB1.(FACTOR*(DBZ-DB)') DELBET66
RETURN DELBET67

C BETA FOR MACH NUMBER BETWEEN l.550 AND 1.880 -------- ELBET68
300 ANL-1.55 0 ELB E T69

AM2-1.88 DELBET70
DB1-DOET(A41bA(ZhMA3ALPHABETAV) DELBET71
DBZ-DBET(B(13,a(zI ,B(3),ALPiIABETAVI DELBET7Z
FACTOR-((AMCT*AMCT)-(AMI*AM1) lI((AMi2*AMZI-(AMI*Af U) OELBET73
BETA-BETAU.(0B1.( FACTOR*( DB2-DB1)H) DELBET74~
RETURN UELBET75

C BETA FOR MACI1 NUMBER BETWEEN 1.880 AND 2.070-------------------- DELBET76
400 AMI-1.88 OELBET?7

AM2-2 .07 DELBET78
DBL-DBET(B(1) ,B(ZI B(3),ALPHABETAV) DELBET79
0B2-DBET(C11) C(ZIC(3hPALPHABETAV) DELBET80
FACT0R-((AMCT*AMiCTb-(AMI*AML))((AM*A2)-(AM1*AI)) ~ DELBET61
BETAmBETA0,(0B1e(FACTOR*(DB2-DB1I)) OELBET82
RETURN OELBET83

C BETA FOR MACHI NUMBER BETWEEN Z.070 AND 2*270 ----- -------- DzLBET84#
500 AM1-2*07 DELBET85

AMZ-2 .27 OELBET86
DBI-DBET(C(1) ,C(2),C(3htALPHABETAVI OELdET67
DBZDOBET(D(1) ,D(ZIDt3),ALPHABETAVI DELSET88
FATR(AC*MT-Aq*MI/(M*M)(M*M) DELSET89
BETAOBETAO.(DBI,(FACTOR*fDBZ-DB1I)) OELOFT90
RETURN DEL BET 91

C BETA FOR MACI NUMBER BETWEEN 2.270 AND 2*550 -S-DLET 92
600 AM1-2.27 DELBET93

AM2-2 .55 DELBET94-1 OB-OBET(D(1) ,0(ZJD(31,ALPHABETAVI DELSET95
DB2-DBET(E(1I'EIZ),E(3h9ALPHABETAVI DELBET96
FACTORuU(AMCT*AMCTb-(AM1OAM1) )II(AMZ*AM2I-(AM1*AMI) DELBET97

ABETAUBETAO,(D814(FACTOR*(Da2-DB1)fl DELSET98
RETURN BELBET99
END DELBET 0
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SUEROUTINE DOETAO:

Purpose. Subroutine DBETAO calculates the value the NBIU true
angles wouldhFave for the NBIU indicated angle of sideslip and free-
stream Mach number (using data fairings for) 0.0 degrees angle of
attack.

Storage Required.

OCTAL WORDS DECIMAL WORDS

266 182

Subprograms Used.

CNVRG, ABS (absolute function)

Calling Statement.

CALL DBETAO (BETAV,AMCT,CONVRB,IFLAG,BETAO)

Calling Argument Input.

INPUT DESCRIPTION UNITS

BETAV NBIU indicated angle of sideslip deg
V

M AMCT freestream Mach number N-D

ABco n CONVRB angle-of-sideslip convergence factor deg

IFLAG error flag (see Error Flag Structure, Sub- ---
routine ANGLES)

Calling Argument Output.

OUTPUT DESCRIPTION UNITS

B0  BETA0 NBIU true angle of sideslip for the input values deg
at 0.0 degrees angle of attack

IFLAG error flag (see Error Flag Structure, Sub-
routine ANGLES)

Program Description. Subroutine DBETAO calculates the NBIU true
angle of sideslip for the NBIU indicated angle and freestream Mach number
using data fairings for 0.0 degrees angle of attack. The fairings were
done in six segments covering various Mach number ranges. All fairings
were done in terms of local flow error versus true angle of sideslip
and Mach number so subroutine CNVRG was called to iterate to obtain
true angle of sideslip from the indicated value.

I
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Program Listing.

SUBROUTINE OBErAO(BETAVANCTtCONVRB IFLAGBETAOI OBETAO L

C DBETAO 3
C SUBROUTINE DBETAO DETERMINES BOOM TRUE ANGLE OF SIDESLIP GIVEN THEDBETAO 4
C BOOM INDICATED ANGLE OF SIDESLIP AND CORRESPONDING FREESTREAM MACHOBETAO 5
C NUMBER. THE SUBROUTINE IS VALID ONLY AT 0.0 DEGREES ANGLE OF DBETAO 6
C ATTACK. DBETAO 7
C DBETAO 8
C EXTERNAL VARIABLES- DBETAO 9
C NAME DESCRIPTION UNITS OBETAOIO
C INPUT - BETAV - BOOM INDICATED ANGLE OF SIDESLIP - DEGREES DBETAO1
C AMCT - FREESTREAM MACH NUMBER - ******* DBETAOI2
C CONVRB - ITERATION CONVERGENCE FACTUR FOR 0BETAO3
C ANGLE OF SIDESLIP - DEGREES DBETA014
C OUTPUT - BETAO - BOUM TRUE ANGLE OF SIDESLIP AT 0.0 DBETA015
C DEGREES ANGLE OF ATTACK - DEGREES UBETA016
C IFLG - ITERATION REQUEST FLAG - ** DBETAO7
C IFLG-3,ITERATION REQUESTED ON ANGLE OBETAO8
C OF SIDESLIP DBETAOI9
C IFLAG - ERROR FLAG - ******* DOETAO20
C DBETAO21
C REVISION RECORD- DBETAOZZ
C NAME DATE DBETAOZ3
C WRITTEN BY - MARK KORSMO 9 FEB 197d DBETAO24
C REVISED BY - KEN RAwLINGS 23 JUL 1981 OBETAOZ5
C DETA026
C

DIMENSION A(3) (3)9C(3) D(3)vE(3) DBETAO28
DATA IFLG/31 DBETAO29

C SET VALUES OF CONSTANTS FROM CURVE FITS --------------- OBETAO30
DATA 811,821,SLt,21 /-1.09600# +030297s -0.83625, -0.08829/DBETAO31
DATA A /-.833568E-3s OOOOOOEOO,-.8340577E-I/DBETAO3Z
DATA 8 /+.OOOOOOOEOO,-.1520952E-1,4.L9ZI397EOO/DBETAO33
DATA C I-.4792185E-3t OOOOOOOEOO+.705031E-1/DBETAO34
DATA 0 / .1791000E-2t-.3334467E-l .6650189E-IIDBETAO35
DATA E / .5989991E-39 .OOOOOOOEOO,-.1840622EOO/08ETA036

C DEFINE STATEMENT FUNCTION ------------ DaETAO37
DBETO(P,0,RB)-(P*B * B)+(Q*B*ABS(B) (R*B) 0BETA038

C DETERMINE TKUE ANGLE OF SIDESLIP AT 0o0 DEGREES ANGLE OF ATTACK -DBETAO39
IF(ANCT .LE. 1.30) GO TO 100 DBETAOtO
IF(AMCT °LEe 1.551 GO TO 00 OBETAO41
IF(AMCT .LE, 1.88) GO TO 300 DBETAU4Z
IF(AMCT °LE. 2.07) GO TO 400 OBETAO43
IF(AMCT .LE, 2.271 GO TO 500 UBETAOk4
GO TO 600 DBETA045
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C BETAO FOR MACH NUMBER LESS THAN 1.300 --------- D EA46
100 CALL CNVRG(BILB21,SIISZ1,BETAVAMCTCONVRBIPLGBETAOIFLAG) OBETA047

RE TUR-N DBETA048
C BETAO FOR MACH NUMBER BETWEEN 1.300 AND 19550 ---- ---- SETA049

200 AMI-1.30 DOETA050
AM-1.55 DBETA051
CALL CNVRGIBII,BZ1,SII ,szlaETAVAM1,CONvR8,IFLGBETAOIFLAG) OBETA052
DbI-BETAO-SETAV DOETA053
082wDBETO(A(1j ,A(Z)*A(31,BETAV) DBETA054.
FACTOR-IuAMCT*AMCT)-(AM1*AM1I)/I(AM2*AMZ)-(AN1*AM13) DBETA055
BETAOUBETAV4(OBI,(FACTOR*(OB2-DBl)) O BETA056
RETUR~N DBETA057

C BETAO FOR MACH NUMBER BETWEEN 1.550 AND 1.880 - -------- BETA058
300 AM1-1.55 DBETA059

AM2SL .88 DOETA060
.4DB1-DBET0(A(1)qA(2)vA(3JBETAV) DBETA061

DB2-DBETO(B(1)qB(Z3,B(3),bETAV) DOETA062
FACTOIR((AMCr*AMCT)-(AM1*AMI))/((AM2*AMZ)-(AML*AMI)) OBETA063
BETAOWBETAVe(t)BI,(FACTOR*(DBZ-DBL))) DgETA064
RETURN DdETA065

C BETAO FOR MACH NUMBER BETWEEN 1.880 AND 2.070 - ---------- DBETA066
400 AMI1.88 OBETA067

AM2-Z.07 OBETA068
DBlmOBET0(B(l),B(2),B(3),BETAV) OBETA069
Dd2-DBETO(C( LI C(21 ,CC31,BETAV) DOETA070
FACTOR-((AMCT*AMCT)-(AM1*AMl))/((AMZ*AM2)-(AML*AMI)) DBETA071
BETAO-BETAV4(DB1+(FACTOR*(DB2-D813)) OBETA072
RETURN D8ETA073

C BETAO FOR MACH NUMBER BETWdEEN 2*070 AND 2.270 ------------ DETA07*
500 AM1-Z.07 DBETA075

AMZ22.27 0BE TAO076
DBlSDBETO(C(L),C(Z),Ct3),BETAV) OETA077
D62-DBETO(D(1),D(2h9D(3)vBETAV) OBETA078
FACTOR=U(AMCT*AMCT)-(AMI*AMII)/((AMZ*AM2)-(AM1*AM1), 09ETA079
BETAO-BETAV*(OB1+(FACT,k*tDB2-BB81) ) DBETA080
RETURN DBETA081.

C SETAO FOR MACH NUMBER BETWEEN 2*270 AND 2.550 - ------- ET A08Z
600 AMI=Z.27 OBETA083

AM2-2.55 OBETA084
DB1-DBETO(D( 13,0(2) ,D131 BETAV) DBETA085
D82wD8ET0(E(lhqE(2)wE(3),BETAV) DBETA086
FACTOR-((AMCT*AMCT)-(AMI*AM1)b/IIAMZ*AMZ)-tAMI*AMI)) UBETA087
BLTAO-BETAVe(0B1,(FACTOR*(0B2-OB11)) OBETA088
RETURN 08E TA0 89
END 0OBE TA090
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SUBROUTINE CNVRO:

Purpose. Subroutine CNVRG calculates the true values of eit- ,r
angle of attack or angle of sideslip based on the indicated values,
freestream Mach number, and constants determined from data fitting.
The iteration performed by CNVRG is discussed in the body of this
memorandum and within the computer code.

Storage Required.

OCTAL WORDS DECIMAL WORDS

117 79

* jSubprograms Used.

SIN (sine function), ABS (absolute function)

Calling Statement.

CALL CNVRG (BI,B2,SI,S2,TAUV,AMCT,CONVR,IFLG,TAU,IFLAG)

Calling Argument Input.

INPUT DESCRIPTION UNITS

Bl constant in the intercept equation deg

B2 constant in the intercept equation deg

Sl constant in the slope equation deg

S2 constant in the slope equation deg

TAUV indicated angle deg

M AMCT freestream Mach number N-D

CONVR iteration convergence factor deg

IFLG iteration request flag ---
IFLG = 2, angle of attack
IFLG = 3, angle of sideslip

Calling Argument Output.

OUTPUT DESCRIPTION UNITS

TAU true angle deg

IFLAG error flag (see Error Flag Structure, Sub- ---
routine ANGLES)
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Program Description. Subroutine CNVRG initially sets the true
value of the desired angle to the indicated value and calculates a
delta value based on the entered constants from curve fits. The

subroutine iterates until two consecutive values of the delta value
are less than or equal to the iteration convergence factor. However,
if more than 20 iterations are required, the error flag is set and the
true value is returned as the value from the last iteration.

Program Listing.

SUBROUTINE CNVRG(BSiBZSltSZTAUVAMCTCONVRIFLGtTAUIFLAG) CNVRG I

C CNVRG 3
C SUBROUTINE CNVRG DETERMINES THE VALUE OF A TRUE ANGLE FROM ITS CNVRG 4
C INDICATED VALUE AND CONSTANTS DETERMINEO FROM CURVE FITS, THE TRUECNVRG 5
C ANGLE IS RELATED TO THE INDICATED VALUE BY CNVRG 6
C CNVRG 7
C TAU = TAUV + DELTAU CNVRG 8
C CNVRG 9
C THE VALUE OF UELTAU VARIES LINEARILY WITH MACH NUMBER SQUARED SO CNVRG 10
C CNVRG 11
C OELTAU - INTERCEPT + (SLLPE*AMCT*AMCT) CNVRG 12
C CNVRG 13
C HUWtVfRt dOH THE SLOPE AND INTERCEPT VARY WITH THE TAUE ANGLE SO CNVAG 14
C THAT CNVRG 15
C 2 CNVRG 16
C INTERCEPT - dl*SIN(Z*TAU) + B2*SIN (2*TAU) CNVRG 17
C CNVRG 16
C 2 CNVRG 19
C SLOPE - SI*SIN(2*TAU) + SZ*SIN (2*TAU) CNVRG 20
C CNVRG 21
C THIS SYSTEM 01 EQUATIONS IS SOLVED USING A CONVERGENT ITERATION CNVRG 22
C TECHNIQUE 14 4OTH THE ANGLE OF ATTACK AND ANGLE OF SIDESLIP CNVRG 23
C CALCULATIONS. CNVRG 2'.
C CNVRG 25
C EXTERNAL VARIABLES- CNVRG 26
C NAME DESCRIPTION UNITS CNVRG 27
C INPUT - 81 - CONSTANT IN THE INTERCEPT EQUATION - DEGREES CNVRG Z8
C d2 - CONSTANT IN THE INTERCEPT EQUATION - DEGREES CNVRG Z9
C SI - CONSTANT IN THE SLOPE EQUATION - DEGREES CNVRG 30
C SZ - CONSTANT IN THE SLOPE EQUATION - DEGREES CNVRG 31
C TAUV - INDICATED ANGLE - uEGREES CNVRG 32
C AMCT - FREESTREAM MACH NUMBER - **** CNVRG 33
C CONYR - ITERATION CONVERGENCE FACTOR CNVRG 34
C IFLG - ITERATION REQUEST FLAG - ******* CNVRG 35
C IFLG-29ITERATION REQUESTED ON ANGLE CNVRG 36
C OF ATTACK CNVRG 37
C IFLG-39ITERATIUN REQUESTED ON ANGLE CNVRG 38
C OF SIDESLIP CNVRG 39
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C OUTPUT - TAU - TRUE ANGLE - DEGREES CNVRG 40
C IFLAG - ERROR FLAG - ****** CNVRG 41
C IFLAG-29CNVRG INTERNAL CONVERGENCE CNVRG 42
C ON ANGLE OF ATTACK FAILED 'NVRG 43
C IFLAG-39CNVRG INTERNAL CONVERGENCE CNVRG 44
C ON ANGLE OF SIDESLIP FAILED CNVRG 45
C IFLAG-5vCNVRG INTERNAL CONVERGENCE CNVKG 4o
C ON ANGLE OF ATTACK AND CNVRG 47
C ON ANGLE OF SIDESLIP FAILED CNVRG 46
C CNVRG 49
C REVISION RECORD- CNVRG 50
C NAME DATE CNVRG 51
C WRITTEN BY - MARK KORSMO 9 FEB 1978 CNVRG 52
C REVISED BY - KEN RAkLINGS 23 JUL 1981 CNVRG 53
C CNVRG 54
C *********************************NVG55

REAL INTER CNVRG 56
C DEFINE STATEMENT FUNCTIONS CNVRG 57

SINE2A(A)-SIN(2.*A/57.29b) CNVRG 58
SIN2SQ(A)uSIN(Z,*A/57.296)*SIN(ABS(.*AI57.296)) CNVkG 59

C INITIALIZE ITERATION VARIABLES -------- ---------- CNVRG bO
TAU-TAUV CNVRG 61
DTAULI-0.0 CNVRG b2

C ITERATE TU JBTAIN TRUE ANGLE-CNVRG 63
DO to0 1-1,20 ChVRG b4
INTERUBL*SINE2A(TAU).B2*SINZSQ(TAU) CNVRG 65
SLOPEuSI*SINEZA(TAU)52*SINZSO(TAU) CNVRG 66
DELTAU w INTER + (SLOPE*AMCT*AMCT) CNVRG 67
TAU-TAUV + DELTAU CNVRG 68
IF(ABS(DELTAU-DTAULI) eLE. CONVR) RETURN CNVRG 69
DTAULI-OELTAU CNVRG 70

100 CONTINUE CNVRG 71
C SET FLAG DENOTING FAILURE OF ITERATION TO CONVERGE --------- CNVRG 72

IFI(IFLAG *EQ* IFLG) .OR* (IFLAG EQ. 5)) RETURN CNVRG 73
IF(((IFLAG IFLGI .EU. 5) *OR. (IFLAG .EQ* 0)) IFLAG-IFLAG IFLG CNVRG 74
RETURN CNVRG 75
END CNVRG 76
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